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ABSTRACT
IMPLEMENTING S.T.E.A.M. –
ONE SCHOOL’S JOURNEY TOWARD IMPLEMENTATION
Jonathan DellaSperanza-Zaratin

The purpose of this multiple case study, grounded theory design is to describe and
document the process teachers go through when implementing a STEAM (Science,
Technology, Engineering, Arts, and Mathematics) curriculum and program at a K-4
elementary school. Throughout this process, elementary teachers’ beliefs and perceptions
of effective STEAM instruction will be analyzed to determine how teachers interpret and
implement this new initiative. The goal of this investigation will be to gain a deeper
understanding of teacher attitudes, beliefs, and mental models surrounding STEAM
instruction as well as their comfort with implementing the new Next Generation Science
Standards (“NGSS”). Prior studies have shown that elementary school teachers are limited
in STEAM content knowledge (CK), pedagogical content knowledge (PCK), and
confidence in teaching STEAM concepts, resulting in elementary teachers avoiding
teaching STEAM subjects altogether (Epstein & Miller, 2011). The sample for this
research will be 5 teachers (n=5), one from each grade level K- 4. These teachers have
taught in a Title 1 funded suburban school located in Long Island, New York. Data
collection and analysis will consist of a triangulation between lesson observations, lesson
plan review, and a focus group interview - which will examine teachers’ perspectives
regarding the overall effectiveness and implementation of the STEAM initiative. This

study is significant to teacher leaders in understanding the challenges and experiences
teachers might face in integrating and implementing new STEAM curriculum in an
elementary school setting. The findings of the study seek to assist educators and leaders in
identifying strengths and weaknesses with respect to teachers’ pedagogical knowledge, CK
and PCK with respect to STEAM implementation.
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CHAPTER 1
Introduction
This research seeks to explore and document the process a school and its teachers
undergo as they embark on the journey to set up and implement a new Science,
Technology, Engineering, Arts, and Mathematics (“STEAM”) program and curriculum
aligned to the Next Generation Science Standards (“NGSS”). The concepts of STEAM
were developed from STEM (Science, Technology, Engineering, and Mathematics) with
the addition of the arts: humanities, language arts, dance, drama, music, visual arts, design
and new media. The main difference between STEM and STEAM is STEM explicitly
focuses on scientific concepts. STEAM investigates the same concepts but does this
through inquiry and problem-based learning methods used in the creative process. Chapter
two will provide further explanation and research outlining the distinct differences between
these concepts.
The NGSS are K–12 science content standards which set the expectations for what
students should know and be able to do. The NGSS enable teachers to offer all students
interactive science instruction that promotes critical thinking, problem solving, analysis
and interpretation of data, and connections across science disciplines—with a high set of
expectations for achievement in grades K–12. The Guide to Implementing the Next
Generation Science Standards (2015) can be utilized as a valuable resource to plan and
implement science changes at the elementary level. Students in kindergarten through fourth
grade can have educational opportunities strengthened by STEAM. The NGSS have
outlined grade level standards and curriculum content. This research seeks to examine how
teachers respond to this new curriculum, its effects on their instruction, and teachers’
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attitudes and perceptions to STEAM. This schoolwide initiative seeks to provide classroom
teachers with the tools they need in order to not only achieve the goal but to bring science
teaching and learning into the 21st century.
Background of the Problem
Kindergarten through fourth grade elementary school teachers are limited in subject
knowledge, pedagogical experiences, and confidence in teaching STEM concepts,
resulting in an avoidance by elementary teachers of teaching STEM subjects altogether
(Epstein & Miller, 2011). The way elementary teachers are currently trained is not aligned
with STEAM innovation. Current policies favor elementary teacher candidates without
expertise in STEM areas (Epstein & Miller, 2011). The potential of STEM curricula to
advance student learning in key areas cannot be realized if the individuals expected to
implement the curriculum do not have an adequate understanding of what STEM is or do
not have confidence in their abilities to implement the curriculum (Epstein & Miller, 2011).
To be fully successful, the introduction of STEM should be at the earliest age
possible and in process rather than in specific content (Roth & Eijck, 2010). Epstein and
Miller (2011) maintained that development of STEM-proficient students begins in
elementary schools. According to Sanders (2012), STEM is not a concentration of subject
areas but is a learning environment in which students learn to innovate, experience,
discover, debate, design, create, and build. STEM content is replete with activities that
allow students to experience project-based, experiential learning activities that lead to
higher-level thinking and engage them in real-world problems (Morrison & Bartlett, 2009).
STEM’s differentiated instructional strategies are effective when used to accommodate
students’ cognitive levels and multiple-learning styles (Sanders, 2009).
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Learning in a STEM environment helps students comprehend processes that lead
to innovative solutions by understanding issues and solving problems. The overarching
goals of STEAM are to increase K–12 students’ interest in STEAM fields and to help
students become 21st century learners. Previous researchers have addressed the perceptions
of teachers at the secondary level, but a literature gap exists in assessing the perceptions of
elementary teachers (Brown et al., 2011; Nadelson, Seifert, et al., 2012; Paulson, 2012;
Wang, 2012).
In 2016, about 45% of freshmen indicated they planned to major in a science and
engineering (“S&E”) field (up from about 8% in 2000): about 16% in the biological and
agricultural sciences; 11% in engineering; 10% in the social and behavioral sciences; 6%
in mathematics, statistics, or computer sciences; and 3% in the physical sciences (National
Science Board, 2018). However, few women in the United States are earning degrees in
STEM, except in the life sciences (National Science Board, 2015). Students’ futures are at
stake if schools do not prepare them for a global society (U.S. DOE, 2013). Helping
students make connections in STEAM fields while experiencing real-world problems
combined with the changing workforce may help spark interest in these fields (Brown, et
al., 2011). The general belief is that students will be better prepared for advanced education
and careers in STEAM fields with increased math and science requirements and greater
infusion of technology and engineering concepts in education (Brown et al., 2011).
A report from the United States Department of Education (“U.S. DOE”) set out a
federal strategy for the next five years based on a vision for a future where all Americans
will have lifelong access to high-quality STEM education and the United States will be the
global leader in STEM literacy, innovation, and employment (U.S. DOE, 2018).
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Problem Statement
In 2010, STEAM education became a goal for U.S. schools due to goals of global
competitiveness in both the public and private sectors. According to the U.S. DOE (2013),
the United States was falling behind other industrialized nations as it ranked 17th in science
and 25th in math. Current data from the U.S. DOE (2018) shows that the United States is
now ranked 25th in science and 39th in math. Inadequate STEAM education affects the
entire U.S. educational system, the economy, global stature, homeland security, and the
quality of life of students (Department of Defense [“DOD”], 2012). If we want a nation
where our future leaders, neighbors, and workers have the ability to understand and solve
some of the complex challenges of today and tomorrow, and to meet the demands of the
dynamic and evolving workforce, building students’ skills, content knowledge, and fluency
in STEAM fields is essential (U.S. DOE, 2018).
Prior to May of 2013, no nationally developed standards or assessments existed for
STEAM (National Science and Technology Council, 2013). In August of 2013, the new
NGSS were released. These new standards were developed through a collaborative, stateled process managed by an independent nonprofit education reform organization, Achieve.
They are rich in content and practice and arranged in a coherent manner across disciplines
and grades to provide all students an internationally benchmarked science education (NRC,
2013). The NGSS are based on the Framework for K-12 Science Education developed by
the National Research Council (NRC, 2013).
Twenty states and the District of Columbia (representing over 36% of U.S.
students) have adopted the Next Generation Science Standards (NGSS), and twenty-four
states, including New York, (representing 35% of U.S. students) have developed their own
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standards based on recommendations in the NRC Framework for K-12 Science Education
(National Science Teaching Association, 2010). New York State has given schools a
deadline of 2021 by which they must fully implement these new science standards.
The specific problem is that STEAM curriculum is new and therefore not currently
implemented into the curriculums of elementary schools. New York State DOE has given
schools a timeline to implementation before new state assessments are to be in effect. This
school has one year to fully implement the science standards and the district is in the
beginning phase of this process. The challenge will be to garner buy-in from teachers and
develop a unique STEAM curriculum for the target school and have full implementation
of the NGSS within the next two years. This research looks to document the process of
curriculum implementation and instructional practices during the first year and seeks to be
able to make the necessary recommendations and plans for the 2020- 2021 school year and
beyond.
Purpose of the Study
The purpose of this multiple case study, grounded theory research is to explore,
understand, and describe K-4 teachers’ perceptions and experiences with integrating and
implementing STEAM curricula. This research will look at elementary teachers’ role in the
program and will look to identify the qualities of effective STEAM instruction. This
research will examine one participant each from grades, kindergarten, first, second, third
and fourth grade. Therefore, for this research design each grade level and its participant
teacher will be considered a case.
Most K-4 teachers have not been taught disciplinary content using STEAM
contexts (Bursal & Paznokas, 2006; Cotabish et al., 2011). As such, teachers may integrate
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STEAM in the manner most comfortable to them correlated with their beliefs about the
value and purpose of STEAM integration (Wang et al., 2011). Paulson (2012) speculated
that teachers’ attitudes and perceptions can affect STEAM achievement, therefore, this
study is important as it seeks to provide a viewpoint for STEAM implementation in
education. Understanding teacher perceptions of STEAM education is critical for each
teacher’s success and for the success of the program (Nadelson, et al., 2012).
STEAM areas are not generally a part of K-4 education or elementary teacher
education programs. The way elementary school teachers are currently being trained does
not align with state and federal goals related to STEAM. Currently, there is no New York
State certification for an elementary teacher in the area of STEAM. Current policies favor
elementary teacher candidates without expertise in STEAM (Epstein & Miller, 2011), and
there are few programs designed at preparing teachers to teach STEAM. Instead, those with
strengths in reading and math tend to be hired more frequently (Quigley & Hero, 2016).
Throughout this investigation, the goal will be to gain a deeper understanding of
teacher perceptions. Teacher mental models consist of conceptions of science subject
matter and barriers related to teaching and learning. This study will prove to be extremely
useful as it highlights teacher understanding, as well as examines what may support or
hinder teachers’ adoption of this new STEAM initiative. To date, STEAM areas are not
generally a part of K-4 education or elementary teacher education programs.
Theoretical & Conceptual Framework
The theoretical framework for this study will focus on the interrelationship of
content knowledge (CK), pedagogical knowledge (PK), and pedagogical content
knowledge (PCK) and how these are essential for effective instruction. CK, PK, and PCK
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were introduced decades ago by Shulman (1986). CK represents teachers’ understanding
of the subject matter taught. According to Shulman (1986), “[t]he teacher need not only
understand that something is so, the teacher must further understand why it is so” (p. 9).
Shulman (1986) defines PK as knowledge about broad pedagogical principals and
strategies. This also includes strategies of classroom management as well as organizing
learning opportunities. Therefore, PK is the various instructional components or principles
used by teachers coming together.
Shulman (1986) defines PCK as an awareness of one’s difficulties in a particular
subject and the methods of representing and formulating the subject that make it
comprehensible to others (e.g., analogies, illustrations, examples, explanations, and
demonstrations). Shulman was credited with coining the phrase “pedagogical content
knowledge,” which he used to emphasize the need for teachers to integrate their knowledge
of subject matter with content-specific pedagogical strategies so as to produce successful
teaching outcomes. The importance of CK is not exclusive to any one content area. The
works by Ball et al. (2008) focused on ways to define and improve the CK needed to teach
mathematics. This research seeks to use Shulman’s theory as a lens through which to
examine STEAM instruction.
While having well-developed CK is crucial in teaching a particular subject, PCK is
also necessary to effectively address student needs and help them learn (Ball et al., 2008).
Learners are not blank slates and come into a course with many preconceptions and varying
levels of preparation (Shulman, 1986). Thus, teachers need both the knowledge of student
difficulties and effective instructional strategies to help them overcome these difficulties.
With respect to this study, the researcher seeks to examine how Shulman’s theories of CK,
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PK and PCK impact an elementary teachers’ ability to instruct STEAM, since STEAM is
the instruction is the overlapping of multiple domains of learning. This theoretical
framework will be discussed in greater detail in the next chapter.
Significance of the Study
The United States has become a global leader in developing STEM fields, however
an inadequate number of teachers proficient in teaching these fields are in classrooms
(Cotabish, et al., 2013; U.S. DOE, 2018). In an effort to respond to the status of STEAM
education in the nation, schools continue to develop and implement programs and strategies
that have the potential to improve STEAM education. Conversely, little is known about the
challenges that teachers, particularly at the elementary level, face in implementing these
STEM programs (Scott, 2012).
As this district looks to act, the leaders must ask themselves how elementary
teachers can successfully implement these new science standards. What supports can be
put in place to build the passion of teachers and encourage the use of STEAM hands-on
methods? How can the school best provide its students with the opportunity to learn
STEAM? The goal of this research seeks to document this process of implementation and
provide the necessary recommendations should other schools find themselves in a similar
situation. This study is significant to understanding the challenges and experiences teachers
face when integrating and implementing a new curriculum and program. The findings of
the study seek to assist educators in the development of a K-4 NGSS-aligned curriculum
and to help guide the development of a STEAM program in order to provide students with
access to this content. Previous researchers addressed the parameters of the current study
in part for specific areas of math or science education at the secondary level, but a literature
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gap exists regarding assessing these parameters for elementary teachers (Brown et al.,
2011; Paulson, 2005; Wang, 2012). The objective is to ensure teachers are equipped with
the necessary skills, knowledge, and experiences which will help their students to compete
in a global and multicultural age.
The significance of this study to leadership is that understanding teachers’
perceptions about K-4 STEM integration may provide school district leaders insight into
developing effective programs for STEAM integration and effective professional
development opportunities while supporting the needs of teachers (Stansbury, 2011).
Teachers gain a personal sense of self-esteem and professional success when they feel safe,
secure, and confident with what they teach (Hoachlander & Yanofsky, 2011; Howell &
Costly, 2006; Stansbury, 2011). Learning about teachers’ perceptions of STEM and
addressing the insecurities and questions are important in order to empower teachers
(Harris et al., 2008; Morrison, 2006).
STEAM literacy may help students connect to the global world (NRC, 2007;
Tsupros, et al., 2009). Less than 8% of all graduate degrees in the United States are in
STEM, rendering moving forward into the 21st century very challenging for students in
the United States (Breiner, et al., 2012). Without STEAM, the United States could not
compete in a world-based economy, especially because its workforce would be inadequate,
and the United States would lose much ground to other nations in which STEAM
disciplines are more emphasized (Scott, 2012). Poor STEM preparation for students would
not only negatively affect the U.S. educational system, but also the economy, world
ranking, homeland security, and quality of life (DOD, 2012). STEM literacy may help
students gain creativity in learning and help the United States improve its position in the
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global marketplace and in the international ratings of school quality. The findings of this
study may assist educators in developing a defined description of STEM, help guide the
development of STEM programs, and create an interest among students to pursue STEM
areas in college and life (Breiner et al., 2012).
Research Questions
This multiple case study and grounded theory design will utilize a combination of
teacher observations, lesson plan evaluations, and interview data. Using these data points,
the researcher seeks to evaluate and understand the complex dynamic between curriculum
and teachers. The advantages of utilizing case study research is that it allows for the
exploration and understanding of complex issues (Yin, 2009). Case studies, in their true
essence, explore and investigate contemporary real-life phenomenon through detailed
contextual analysis of a limited number of events or conditions, and their relationships. The
evidence from multiple cases is often considered more compelling and the overall study is
therefore regarded as being more robust (Herriott & Firestone, 1983). Yin (2003) defines
the case study research method as “an empirical inquiry that investigates a contemporary
phenomenon within its real-life context; when the boundaries between phenomenon and
context are not clearly evident; and in which multiple sources of evidence are used.” (p.
13). The systematic design for grounded theory is widely used in educational research, and
it is associated with detailed, rigorous procedures that Strauss and Corbin identified in 1990
(Creswell, 2012).
This research will begin with a clear direction and set of questions with anticipation
that data will be collected throughout the process. One broad question will drive this
research: What is required for elementary teachers to effectively implement a STEAM
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curriculum within their classrooms? Several sublevel questions will be asked to draw out
the answer to this broad question. The sublevel questions include:
1. What are elementary teachers’ understandings of what STEAM education is at
the elementary level?
2. How do K-4 teachers feel about their ability to teach STEAM education and do
those feelings affect their willingness to integrate it into their classrooms?
3. What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?
Definition of Terms
The following operational definitions for terms used in the study are provided to ensure a
common knowledge base:
21st century skills: Many skills other than just technology are involved in 21st century
learning. Skills include: communications, social, cross-cultural, information, collaboration,
creativity and innovation, initiative, problem-solving, self-direction, media and
technology, productivity and accountability, leadership and responsibility, and life and
career (Grunwald Associates, 2010).
Attribution theory: a theory which focuses on how internal perceptions of people’s
capabilities caused by an event affect their behavior (Weiner, 2010).
Content knowledge (CK): the knowledge one has for a specific discipline or topic.
Elementary school: schools that contain classroom grades K-4.
Innovators: those who creatively use the concepts and principles of science, mathematics,
and technology by applying them to the engineering design process (Dugger, 2012).
Inquiry-based teaching and learning: a standardized, scaffolded, structured, guided, and
open-inquiry form of teaching and learning (Dugger, 2012).
Interdisciplinary learning: refers to the integration of STEAM subjects with other
traditional subjects that thoroughly blends writing and reading (Morrison, 2006).
Integration: refers to the blending of technology and individual subjects together to build
a learning environment (Sanders, 2012).
Pedagogy: the art, science, and profession of teaching (Gredler, 2009).
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Pedagogical knowledge (PK): the various instructional components or principles used by
teachers coming together (Shulman, 1986).
Pedagogical content knowledge (PCK): a teacher’s ability to integrate his or her
knowledge of subject matter with content-specific pedagogical strategies so as to produce
successful teaching outcomes (Shulman, 1986).
Science: refers to seeing and understanding what is in the natural world using inquiry,
discovery, exploration, and scientific methods (Dugger, 2012).
STEAM: an acronym for the integration of science, technology, engineering, arts, and
mathematics (Wynn & Harris, 2012).
STEM: an acronym for the integration of science, technology, engineering,
mathematics (Wynn & Harris, 2012).

and
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CHAPTER 2
Introduction
The purpose of this multiple case study design is to explore, understand, and
describe K-4 teachers’ perceptions and experiences integrating and implementing a new
STEAM curriculum and program. The findings of this study seek to assist educational
leaders in understanding teacher beliefs and perceptions surrounding the development of a
STE(A)M program. Previous research and studies have addressed the perceptions of
teachers at the secondary level and pre-service teachers, in part, but a literature gap exists
regarding assessing perceptions of elementary teachers (Paulson, 2012; Wang, 2012). This
chapter will further explore the theoretical framework of Shulman and review prior studies
in STE(A)M beginning with an introduction to the literature, followed by the history of
STEM, from STEM to STEAM, elementary STEAM, STEAM and instruction, STEAM
education, the NGSS Framework, STEAM and teachers, concluding with teacher
professional development (PD).
Theoretical Framework
As stated in chapter 1, the theoretical framework for this study will focus on the
interrelationship of CK, PK, and PCK. PCK is an awareness of a student’s difficulties in a
particular subject and the methods of representing and formulating the subject that make it
comprehensible to them (e.g., analogies, illustrations, examples, explanations, and
demonstrations). As previously stated, Shulman was credited with coining the phrase
“pedagogical content knowledge,” (1986) which he used to emphasize the need for teachers
to integrate their knowledge of subject matter with content specific pedagogical strategies
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so as to produce successful teaching outcomes. The various components of PCK tend to
interact, overlap, and vary in importance based upon the instructional environment.
Shulman (1986) initially classified teacher CK in three terms: subject matter
content knowledge, PCK, and curricular knowledge. Pedagogical knowledge is a
component of PCK and is addressed in detail below. CK is discipline specific and is defined
as “the amount and organization of knowledge per se in the mind of the teacher” (Shulman,
1986, p. 9). For example, the subject matter CK one needs to teach science would be
different then the CK needed to teach math. In the case of STEAM, CK would include the
ability for teachers to concurrently teach interconnected disciplines since CK is the
knowledge one has for a specific discipline or topic (Shulman, 1986)
The definition of PK can be expressed as the various components or principles
coming together, mitigated by the relational qualities of these interactions. Shulman (1986)
defined it as “...the ways of representing and formulating the subject that makes it
comprehensible to others” (p. 9). Other scholars have similar definitions for PK. Van
Manen (1994) proposed that pedagogy is more than the act of teaching; it entails
“distinguishing between what is appropriate and inappropriate, good or bad, right or wrong,
suitable or less suitable for children” (p. 139). He continues by addressing the many
constructs that make up effective instruction.
Teaching, as a pedagogical interaction with children, requires not only a
complex knowledge base but also an improvisational immediacy, a
virtuelike normativity, and a pedagogical thoughtfulness that differs from
the reflective wisdom (phronesis) of other practitioners. The classroom life
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of teachers is difficult especially because it is virtuelike, improvisational,
and pedagogical. (Van Manen, 1994, p. 139)
While Shulman (1987) considered PCK a subcomponent of CK, other researchers
provide different concepts of PCK. Grossman (1990) proposed four components of PCK:
(1) concepts and purposes for teaching subject matter, (2) knowledge of students’
understanding, (3) curricular knowledge, and (4) knowledge of instructional strategies.
While having well-developed CK is crucial in teaching a particular subject, PCK is
also necessary to effectively address student needs and help them learn (Ball et al., 2008).
Learners are not blank slates and, in reality, come into a course with many preconceptions
and varying levels of preparation (Shulman, 1986). Although teacher expertise is not
identified as a component of PCK, defining teacher expertise is a challenging concept
(Berlinger, 1986). However, the role of experience in developing expertise in teaching has
been conservatively estimated as 5-7 years (Berlinger, 2000). Marks (1990) stated that
PCK comes from both subject matter knowledge (e.g. CK) and general pedagogical
knowledge. Thus, a definition of PCK involves three concepts: knowing what to teach,
how to teach, and how students learn in a variety of conditions. The ability to discern
student knowledge, learning preferences, and provide accurate assessment with appropriate
remediation of task representations would also be represented by teacher PCK.
Researchers have sought to define PCK both in terms of an educationally generic
concept (Grossman, 1990; Shulman, 1986) as well as a discipline specific concept
(Rovegno, 2008). PCK encompasses many qualities and attributes, including a perception
of what makes the learning of certain topics easy or difficult, and an intuitive sense of what
background the students bring with them to the various instructional settings. Disciplines
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such as science have identified that PCK is important. By examining PCK research from
the science discipline, Abell (2008) conceptualized PCK with four important principles:
(1) separate categories of knowledge utilized synergistically while teaching, (2) PCK is
fluid and changes as teachers gain experience, (3) subject matter knowledge is central to
PCK, and (4) PCK facilitates the alteration of subject matter knowledge into an
understandable form of knowledge for students. Additional research in the field of science
education sought to develop models to try and ascertain the PCK of science teachers (van
Dijk & Kattmann, 2007).
Teachers gain their knowledge for teaching from various sources (Grossman,
1990); the same can be expected to apply to teacher knowledge of subject matter. Drawing
on Grossman’s research, Friedrichsen et al. (2009) identified three potential sources of
subject-matter knowledge: (a) teachers’ own K-12 learning experiences, (b) teacher
education and professional development programs, and (c) teaching experiences. Teachers
need both the knowledge of student difficulties and effective instructional strategies to help
them acquire new information. This research will use the lens of Shulman and his concepts
of CK, PK, and PCK as a means to explore STEAM instruction from the teacher’s
perspective.
Introduction of the Literature
Over the past 25 years, STEM education has been evolving from a convenient
clustering of four overlapping disciplines toward a more cohesive knowledge base and skill
set critical for the economy of the 21st century (U.S. DOE, 2018). Economic projections
suggest the United States will need more than 1 million additional STEM professionals
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above the current graduation rates during the next decade (NRC, 2015). That includes
STEM majors of varying skill levels and knowledge from community to graduate colleges.
Nearly two-thirds of the S&E graduates in the United States in 2015 were from
India and China (NSB, 2015). In 2015, 58% of foreign-born individuals in the United States
with an S&E degree were from Asia; another 13% were from Europe (NSF, 2018). Among
individuals employed in S&E occupations, 17% of foreign-born workers have a doctorate,
compared to 10% of U.S. native-born individuals in these occupations (NSF, 2018).
The industrialized nations of the world have long benefitted from the inflow of
foreign-born scientists and engineers and the S&E skills and knowledge they bring. S&E
skills are more easily transferrable across international borders than many other skills and
many countries have made it a national priority to attract international talent in S&E (NSB,
2012). Foreign-born workers employed in S&E occupations tend to have higher levels of
education than their U.S. native-born counterparts (NSB, 2015).
Women are underrepresented among STEM degree holders and in STEM jobs even
though women make up half of the college-educated workforce and nearly half of the
United States workforce (National Science Board, 2015). For the past decade, women held
fewer than 25% of STEM jobs. Women with STEM jobs earned 33% more than women in
comparable non-STEM jobs but were less likely than men to work in STEM occupations
and instead chose to work in education or health care. Contributing factors to the
discrepancy of men and women in STEM jobs include gender stereotyping, a lack of female
role models, and less family flexibility in the STEM fields (Lacey & Wright, 2009). For
the United States to perform competitively in a global society, STEM education at multiple
levels is critical (National Science and Technology Council, 2013).
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There has been ample focus on addressing the shortage of qualified science and
mathematics teachers in the United States. An emerging awareness is growing that
technology is a critical component not only in contemporary culture but also in global
competitiveness (Sanders, 2012). Technological literacy offers enormous potential for all
students throughout K–12 education delivered through STEM education. Technology
motivates young learners in STEM subjects and the potential to maintain their interest in
these subjects throughout all grade levels, beginning in kindergarten, is critical (Sanders,
2012).
The National Research Center (2007) defined the elements of STEM as:
science (the study of the natural world), technology (the entire system of creating and
operating technological artifacts), engineering (a process of solving problems and
knowledge about the design and creation of products), and mathematics (the study of
patterns and relationships (p. 4).
The importance of STEM literacy is an attempt to bridge discrete disciplines and
offer a holistic view of the world, enabling rigorous academic concepts of science,
technology, engineering, and mathematics that are applied while making connections
between the students’ world with the ability to eventually compete in a global world
(Stansbury, 2011). Traditional barriers between the four disciplines are removed with
STEM and are cohesively integrated (Kaufman et al., 2003). The common factors among
the four disciplines of STEM – problem-solving, inquiry, and reconciling multiple
solutions – are common undertakings of designers and artists too (Bequette & Bequette,
2012; Wynn & Harris, 2012). STEM better links K–12 subject areas to industry while
preparing a future high-tech workforce (Bequette & Bequette, 2012). Positive, confident
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instruction blended with STEM areas is critical to the successful integration of STEM
education for all students, beginning in kindergarten (Singer, 2011).
The History of STEM
In 1985, the Triangle Coalition formed and began advocating for improved science,
technology, engineering, and mathematics education in the United States. Although the
acronym STEM did not refer to the program until later, U.S. organizations that represented
business, education, and STEM societies composed the Triangle Coalition in order to
improve STEM areas of education. Through communication, advocacy, and programmatic
efforts, the Triangle Coalition attempted to unify voices of the stakeholders to advance
STEM education for all students (Triangle Coalition for Science and Technology
Education, 2012).
Worry that American students were lagging behind others in international rankings
prompted a movement toward science standards in 1995 (National Science Education
Standards, 2012). The publication Rising Above the Gathering Storm: Energizing and
Employing America for a Brighter Future brought awareness to the decline of scientists,
engineers, and mathematicians in the United States and of the need to keep the United
States in the forefront of innovation, technology, and research (Lantz, 2009). A
congressionally requested report published in 2006 made four recommendations to focus
new science and technology efforts and creating high-quality jobs and meeting the needs
in the future. The request was to (a) increase mathematics and science education to improve
the U.S. talent pool; (b) commit to and invest in long-term research; (c) recruit, educate,
and retain highly qualified students, scientists, and engineers; and (d) work toward ensuring
that the United States is number one in the world for innovation (NRC, 2007). Reduced
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academic STEM performance and concern of global competitors increased interest and
investment in STEM education and the development and training of a STEM workforce
(Wang et al., 2011).
Initially, the movement of STEM education included specialty charter or magnet
schools that focused on STEM, leaving students in public school without the option of
STEM education (Dugger, 2010). Only 37,000 students enrolled in schools specializing in
science, technology, engineering, and mathematics in 2008 (NRC, 2007). As of 2012, the
majority of STEM students had not entered the field after program completion (National
Science Board, 2012). Often, communities do not work with schools to attract students to
STEM careers (NRC, 2007). Financial challenges and mandated initiatives often prevented
districts from having the time or tools to train teachers (Bursal & Paznokas, 2006).
The No Child Left Behind (NCLB) era diminished science education (Bybee,
2010). There had been a significant departure from and de-emphasis on science instruction,
especially at the elementary level, as a result of the increased emphasis on English language
arts (ELA) and mathematics (Dorph, et al., 2011). As early as 2002, Jorgenson and
Vanosdall (2002) stated, “Teachers and school administrators across the U.S. are facing
enormous pressure to improve test scores in the basic skills areas; consequently, they have
been forced to reduce—or in some cases eliminate—the amount of class time devoted to
science” (p. 602).
Teachers were subsequently held less accountable for science content, an area in
which teachers already endured intimidation. Under the NCLB, students were not tested
for science until 2007, which left a gap in science education for more than seven years
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(Bybee, 2010). Some educators speculated that NCLB was the reason student enrollment
for science and engineering majors declined (Bybee, 2010).
In January 2010, the U.S. Congress passed a bill allocating $250 million to STEM
education for K–12 public, charter, and private schools in an effort to increase the quality
of STEM education (NRC, 2007). The belief is that STEM prepares students for the
challenges and opportunities of the 21st century. Students exposed to STEM typically
participate in advanced studies, learn how to make informed decisions, and work toward
solving problems (STEM Education Center, 2012).
Fewer students enter STEM fields in the United States than students in other nations
(National Science Board, 2012). Science and mathematics components, which are usually
taught as separate subjects, are often inadequately integrated into the technology and
engineering components of STEM or other conceptual areas of curricula (STEM Education
Center, 2012). A fully developed STEM program may provide a movement of students into
the scientific field to meet current and future demands for scientists and engineers (STEM
Education Center, 2012).
All STEM disciplines present opportunities for building 21st century skills and may
be important to the future of students. Increased recognition of engineering in K–12
education directly involves students in problem-solving, hands-on inquiry learning, and
innovation (Bybee, 2010). Classroom teachers need help understanding how to teach
lessons because of a lack of background in science (Bursal & Paznokas, 2006).
According to Lantz (2009), the underlying problem with developing STEM
education programs was the lack of a clear definition of STEM. Although the U.S. DOE
(2013) recommended the implementation of STEM education in American schools, the
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DOE failed to provide a working definition of what constitutes STEM curricula and offered
little guidance about how to approach such integration strategically or about how to assess
the success of a STEM curriculum after implementation (Stansbury, 2011). Educators
embraced STEM even though a lack of understanding regarding how it should look in the
classroom still existed (Paulson, 2005; Stansbury, 2011). Although a growing consensus
that more in-depth science and math education in the American education system is needed,
no definite program or implementation has been developed (U.S. DOE, 2013).
From STEM to STEAM
A search for a true definition of STEAM education might prove difficult. Although
educators are aware of the role of STEM education as an economic imperative of education
(Chesky and Wolfmeyer, 2015) as well as a pedagogical need to enhance learning
(Lansiquot 2016), neither educators nor researchers consistently agree on definitions for
K-12 STEM education or best practices for integrated STEM instruction (e.g., Breiner et
al. 2012). There are few resources that give comprehensive guidance and applicable
methods. In fact, the Department of Education utilizes STEM as the prominent acronym
for the strategic initiative underscoring the best way to learn 21st century skills (DOE,
2018).
STEAM education is derived from STEM education and focuses on fostering not
only the core subject areas of science, technology, engineering, and mathematics, but also
the arts. This is a key differentiator from STEM, as STEM teaches pragmatic
mathematical, coding, and scientific subject matter. When educators think of the arts, they
often think of visual arts, but STEAM includes anything from digital design, such as
websites, to language arts, to music or performing arts. The idea is that many STEM
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projects require an element of artistic design, communication, and collaboration, and
without these elements, projects may not reach their full potential (TEQ, 2019).
STEAM was initially coined by the Rhode Island School of Design; the university
has championed an effort to bring the arts to the national agenda of STEM. RISD’s belief
was that we cannot have scientists and programmers without artists and writers as these
jobs are complementary to one another, should work together, and should understand each
other. Before STEAM was acknowledged widely, educators were exploring variations of
STEM as a means of attending to more authentic integration of the disciplines,
acknowledging the importance of arts and humanities in subject integration (Sanders,
2009). The acronym STEAM is relatively new and typically attributed to Yakman’s (2010)
early conceptualization of how principles of math and science could be explored through
the arts. Yakman’s framework (2010) seeks to remove the isolation of STEM disciplines
in “silos” and develop an integrative approach that exists authentically with the inclusion
of the arts.
Elementary STE(A)M
One of the main goals for K-12 STEM education in America is to increase STEM
literacy for all students, and research has indicated that this begins with early and consistent
exposure to STEM subjects (DeJarnette, 2012; National Research Council, 2011). Though,
efforts to develop integrated STEM curriculum at the elementary level are largely
undeveloped (Lantz, 2009). Unfortunately, many STEM education initiatives are rarely
designed solely for elementary grade levels (DeJarnette, 2012).
Elementary students are not too young to participate in and understand STEM
concepts; many have argued that early exposure to such learning experiences is the optimal
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time to make positive influences on young students (Nadelson et al., 2013). As noted in
the National Research Council’s (2012a) A Framework for K–12 Science Education
Practices, “Before they even enter school, children have developed their ideas about the
physical, biological, and social worlds and how they work” (p. 24). Young children,
particularly in the elementary grades, are naturally inquisitive and avid investigators. They
are eager to explore, invent, and make sense of the world around them in doing so—skills
that are critical to succeed in STEM fields (Bosse, et al., 2009; National Research Council,
2013).
Furthermore, effective STEM teaching “capitalizes on students’ early interest and
skills, identifies and builds on what they know, and provides them with experiences to
engage them in the practices of science and sustain their interest” (National Research
Council, 2011 p. 18). Lottero-Perdue et al. (2014) found that integrated STEM education
utilizing hands-on and inquiry-based strategies improved students’ self-management (i.e.,
autonomy) skills. In a study of elementary-age students attending a 3-day summer STEM
camp, Dillivan and Dillivan (2014) found that inquiry-based activities were most
successful in stimulating interest in STEM disciplines. Elementary students’ interest levels
will lead to more proficiency in core concepts that can deepen a student’s understanding of
complex ideas in STE(A)M. Therefore, the need for STEM instruction at the elementary
level is of increasing importance (Epstein & Miller, 2011; Judson, 2014; National Research
Council, 2012b).
Efforts to increase the presence of STEAM learning in elementary settings have
mainly focused on stand-alone programs implemented in afterschool, summer, or other
out-of-school enrichment programs (National Governors Association, 2012). The Bayer
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Corporation’s (2016) Compendium of Best Practice in K-12 STEAM Education identifies
programs that are proven to be highly effective. These programs offer students unique
hands-on learning experiences that promote technological literacy and engineering skills.
Programs with problem-project-based lessons are designed to engage young learners in
building critical thinking and collaboration skills as they explore various STEM-content
topics (Brenner, 2009). Similarly, engineering lessons that engage students in solving
hands-on problems through the use of storybooks and integrated English, social studies,
mathematics, and science skills (Bayer Corporation, 2016; Brenner, 2009) help elementary
aged students learn STE(A)M concepts. Nevertheless, there still remains a need for a more
comprehensive approach to exposing and engaging young children to integrated
STEM/STEAM curriculum. The future generation of STEM innovators and professionals
are reliant on our country’s educational system to “cultivate, excite, and promote their
STEM learning to influence their future career decisions” (Cotabish et al., 2013, p. 215).
STE(A)M and Instruction
STEM education was never intended to be stand-alone subject-area teaching with
licensure regulations (Sanders, 2009). According to the literature, the core of STEM is the
engineering design process based on the constructivist and cognitive learning theories
(Bandura, 2001; Dewey, 1997; DOD, 2012; Sanders, 2009). The concepts of STEM are
hands-on, inquiry-based, real-world, and project-based interdisciplinary programs of study
that connect STEM-related subjects (Hoachlander & Yanofsky, 2011). STEM was thought
to be greater than an interdisciplinary program and meant to be far more than the grafting
of technology standards onto science and mathematics curricula (Shaughnessy, 2012).
Although school administrators and educators are aware of the importance of STEM
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education, many K–12 teachers and educators do not understand what STEM education is
(Wang, 2012). Thus tomorrow’s STEM education leaders must better understand the
interdisciplinary connections of STEM subjects and educators’ roles in the classroom
(Berlin & White, 2012; Cunningham & Cordeiro, 2006; Dugger, 2010; Sanders, 2009).
When evaluating or determining the program, consideration for the elements,
implementation, and the requirements to implement and teach STEM effectively are
important (Nadelson et al., 2012). Finding the most effective method of teaching and
learning for STEM education may lead educators toward a more effective form of teaching
and learning for students in STEM education (Singer, 2011).
According to Morrison (2006), STEM is an effort toward a holistic, cohesive
teaching and learning paradigm, offering a complex, multi-faceted whole with new spheres
of understanding. Traditional barriers between the four disciplines are removed with the
integration of all disciplines and STEM subjects (Kaufman et al., 2003; Sanders, 2009).
Integration in curriculum design and implementation, connecting classroom practices with
the real world, and focusing on innovation and application are among the tasks that a STEM
teacher is expected to fulfill (Morrison 2006). Tomorrow’s STEM education leaders must
better understand the interdisciplinary connections of STEM subjects and their role in the
classroom (Cunningham & Cordeiro, 2006; Dugger, 2010; Sanders, 2009). Finding the
most effective method of teaching and learning for STEM education will lead educators
toward a more effective form of teaching and learning for students in STEM education
(Singer, 2011). Accelerated proficiency in STEM is imperative for new teachers (Berlin &
White, 2012; Brown et al., 2011).

27
With the integration of more technology tools and resources in schools, teachers
can benefit greatly from training in STEM education. According to a two-year NSF funded
study, STEM teaching is more effective and student achievement increases when teachers
work together or in teams to develop strong professional learning communities in their
schools (National Commission on Teaching and America’s Future, 2011). Today’s
students are preparing for a future in which they will work collaboratively to develop new
knowledge, solve problems, and continuously acquire new skills. In order to succeed,
students need educators who know how to create schools that look like the organizations
where they will work in the future (Fulton & Britton, 2011).
Many educators perceive STE(A)M education as the focus of instruction on
science, technology, engineering, and math as separate entities and diminish the arts
(Bequette & Bequette, 2012). Other educators perceive STEM as an integration of STEM
subjects with other traditional subjects, or thoroughly blending writing and reading with
the use of science and math (Sanders, 2009). Still other educators perceive STEM as a
transdisciplinary approach that integrates the concepts of the STEM fields with the arts and
other traditional subjects with emphasis on STEM subjects (Morrison, 2006).
Though many sources of information suggest what STEM education should be, no
national understanding of STEM education and how it should look in the classroom has
developed (Scott, 2012). Additionally, debates continue regarding the specific STEM
content expertise that teachers need to be effective (National Science and Technology
Council, 2013). Mounting pressure to improve STEM instruction affects education
throughout the United States. The lack of a clear definition of STEM education is the
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underlying problem with developing STEM education programs (Dugger, 2010; National
Science and Technology Council, 2013; U.S. DOE, 2013).
Relatedly, teachers’ beliefs about learning and instruction influence instructional
practice and teacher decision making (Nadelson et al., 2013). Teacher quality and
effectiveness affects students’ educational experiences more than any other single factor
(Bursal & Paznokas, 2006). Therefore, attitudes of both students and teachers affect STEM
achievement and are part of the problem with increasing STEM education programs
(Paulson, 2012). A teacher’s attitude toward science or math may affect teaching
methodologies and the amount of time spent teaching science or math content (Paulson,
2012). The attitude that science and math are challenging, difficult subjects, mastered by
only a select few is prevalent and seems to permeate achievement for students (Bursal &
Paznokas, 2006).
The elementary teaching force, in particular, continues to lack knowledge and
confidence in science and math concepts (Bursal & Paznokas, 2006; Paulson, 2012).
According to Fulton and Britton (2011), teachers become more positive and engaged in
teaching after experiencing STEM education, even if initial perceptions were not positive.
Positive reaction because of improved interaction with fellow teachers and students and
the reduction of isolation most teachers experience makes teaching exciting and often remotivates teachers for the profession (Fulton & Britton, 2011). This lack of teacher
knowledge and confidence coupled with the absence of an agreed-upon definition and
understanding of STEM in this country results in the current situation of under-prepared
teachers and students.
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STE(A)M Education
Research on successful STEM education indicates that a coherent and rigorous
curriculum is essential for any successful STEM school initiative (National Research
Council, 2011). An essential component of teaching STEM/STEAM is through the use of
integrated approaches which show a cohesive connection made between the subject matter
taught in the classroom and its relevance and connection to the real-world. Although the
typical structure and organization of most elementary school settings seem to lend itself to
integrated instruction because students are primarily with the same teacher, school-level
contexts are designed to teach the core subjects of language arts, mathematics, science, and
social studies in silos, leaving very little time for integrating instructional technology or
engineering concepts. (Wang et al., 2011).
Some consider STEM a transdisciplinary, problem-solving, innovative, inventive,
self-reliant, logical thinking, and technologically literate system of learning (Hoachlander
& Yanofsky, 2011). The common factors of the four disciplines of STEM are problemsolving, arguing from evidence, and reconciling conflicting views. The intent is to prepare
students to study STEM fields in college and to pursue related careers (National Science
Foundation [NSF], 2008).
The common factors of the four disciplines of STEM are common undertakings of
designers and artists, as well (Bequette & Bequette, 2012; Wynn & Harris, 2012).
Integration of STEM throughout the curriculum for all children starting in kindergarten is
most effective (Dorph, et al., 2011). By learning this process of problem-solving at an early
age, students learn to deal with problems at school, in careers, and in life. Bequette &
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Bequette (2012) said STEM better links K–12 sciences to industry while preparing a future
high-tech workforce.
STEM literature indicates STEM concepts are those used by engineers when
designing and building projects called the Engineering Design Process (EDP) (Cantrell, et
al., 2005, ITEA, 2007). All subjects are integrated using hands-on, project-based learning.
Students are not only engaged, but they also become problem solvers who develop
solutions to real-world problems. The implementation of the engineering design process
can successfully improve student achievement and attitudes toward learning (Cantrell et
al., 2005). This engineering design process is a multi-step process that includes research,
design, production planning, and assessment (ITEA, 2007). The process includes building
upon an idea or solving a problem by brainstorming, planning, designing, creating, and
evaluation. If the solutions are not accurate or appropriate, the cycle begins again making
needed improvements.
The National Research Center (2007) defined the elements of STEM as: science
(the study of the natural world), technology (the entire system of creating and operating
technological artifacts), engineering (a process of solving problems and knowledge about
the design and creation of products), and mathematics (the study of patterns and
relationships (p. 4). Classroom constraints and a focus on reading at elementary levels often
prevents teaching of STEM content areas for the majority of teachers. Financial challenges
and mandated initiatives often prevent districts from acquiring the time or tools to train
teachers (Dugger, 2010). Few professionals trained in STEM fields transfer to teaching
because of lower income levels or certification requirements (Dugger, 2010; NRC, 2007).
The expertise of educators working in classrooms and in after-/out-of- school settings is a
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key factor – some would say the key factor – in determining whether integrated STEM
education can be done in ways that produce positive outcomes for students.
Integrative learning with STEM offers an opportunity for teachers, administrators,
and university faculty to become engaged in a learning community that will continue to
evolve (Sanders, 2009). Many educators believe that STEM education will transform the
typical teacher-centered classroom into a student-centered classroom that requires students
to actively engage to find solutions through problem-solving and exploratory learning
(Cunningham & Cordeiro, 2006). With the integration of more technology tools and
resources in schools, teachers can benefit greatly from training in STEM education.
The NSF advocated for adding an engineering component to comprehensive
science education that interfaces with technology and math (Bequette & Bequette, 2012).
Some educators have said that STEM education addresses real-world problems using
rigorous academic concepts in interdisciplinary or transdisciplinary lessons (Sanders,
2009). “STEM education exemplifies the axiom the whole is more than the sum of the
parts” (California Department of Education, 2012, p.1).
Although the NRC and NSF agencies defined STEM concepts within the context
of science and engineering, not all educators have the same perception and understanding
of STEM education. Consequently, a clear definition for integrating and implementing
STEM concepts in school varies (Watt et al., 2007). Many teachers believe certification
requirements in STEM subjects are necessary to teach STEM, and many teachers,
particularly elementary teachers, are uncomfortable with teaching STEM subjects (Bursal
& Paznokas, 2006; Epstein & Miller, 2011). Few educators hold a vision for STEM school
reform and believe STEM is just a new acronym for teaching traditional science and
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mathematics (Watt et al., 2007). Little or no opportunities and incentives are available in
most schools for teachers to become proficient in STEM (Atkinson, 2012).
NGSS Framework
The NGSS framework is meant to provide a common perspective and vocabulary
for researchers, practitioners, and others to identify, discuss, and investigate specific
integrated STEM initiatives within the K–12 education system of the United States (NRC,
2014a). The Common Core State Standards for Mathematics and the NGSS have pushed
for deeper connections among the STEM subjects (Honey, et al., 2014). The NGSS
explicitly includes practices and core disciplinary ideas from engineering alongside those
for science, raising the expectation that science teachers will be expected to teach science
and engineering in an integrated fashion (NRC, 2014a).
STEM disciplines are the object of ever-increasing interest and attention to help
prepare students for the job demands in today’s society. Students not only need to have a
strong foundational understanding of the big ideas in science, but they also need to be
expert critical thinkers and problem solvers prior to the end of high school (Isabelle, 2017).
As stated by the National Research Council (NRC, 2014a),
by the end of the 12th grade, students should have gained sufficient
knowledge of the practices, crosscutting concepts, and core ideas of science
and engineering to engage in public discussions on science-related issues,
to be critical consumers of scientific information related to their everyday
lives, and to continue to learn about science throughout their lives. They
should come to appreciate that science and the current scientific
understanding of the world are the result of many hundreds of years of
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creative human endeavor. It is especially important to note that the above
goals are for all students, not just those who pursue careers in science,
engineering, or technology or those who continue on to higher education.
(p. 9)
Compared to previous science standards, the NGSS framework has a unique threedimensional architecture, with observable performance expectations that are explicitly
mapped to three foundation areas: science and engineering practices, disciplinary core
ideas (DCIs), and crosscutting concepts (Table 1). As students conduct science
investigations to answer questions and solve engineering problems, the performance
expectations are meant to serve as assessable or observable outcomes that are a result of
active classroom experiences (NRC, 2014a). Furthermore, the new standards specify
grade-by-grade expectations for Grades K–5 and make connections to the Common Core
State Standards in ELA and mathematics; both of these aspects of the NGSS are
unprecedented (Isabelle, 2017).
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Table 1
NGSS Framework

The NRC (2012) acknowledged the importance of establishing these early
foundations: “Because learning progressions extend over multiple years, they can prompt
educators to consider how topics are presented at each grade level so that they build on
prior understanding and can support increasingly sophisticated learning” (p. 26). The
NGSS emphasize the role of engineering design in facilitating student learning of scientific
concepts. Given current low levels of confidence among K–12 educators in the teaching of
engineering (Horizon Research 2013), it may be especially important for both new and
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experienced science teachers to become familiar with the engineering design process and
how it can be integrated into science teaching (Honey, et al., 2014). To achieve the goals
set forth by the NGSS by Grade 12, thinking and acting like scientists and engineers must
begin in the elementary grades (Isabelle, 2017).
STE(A)M and Teachers
Classroom teachers need help understanding how to teach lessons because of a lack
of background in STEM subject areas (Berlin & White, 2012). At the middle-and highschool levels, preparing and training teachers with the initial certification in STEM content
areas and implementation of STEM units along with hands-on science education programs
does not sustain changes in formal science education curricula (Library of Congress, 2008).
Only 40% of teachers in grades 7 through 12 majored in math or science (NRC, 2007). At
the elementary level, teaching STEM requires a different knowledge and skill base than
that held by a majority of teachers (Berlin & White, 2012). Additionally, many K–12
science and mathematics teachers have taken fewer courses in the subject area(s) in which
they were trained than are recommended by teacher professional associations, and many
have taken few courses in other areas of STE(A)M (Honey, et al., 2014).
Elementary school teachers are considered the beginning of the STEM pipeline
(Cotabish et al., 2011). Mathematics and science in the early years of education lay the
foundation for future STEM learning, but elementary teachers are often unprepared to teach
students in these areas of study (California Department of Education, 2012). Elementary
teachers are largely unprepared and uncomfortable with implementing STEM in class
curricula for teaching and learning (Cotabish et al., 2011).
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Research on STEAM education in K-12 schools has indicated that despite increased
funding there has been little improvement (Portz, 2015). This is, in part, due to issues of
STEAM being ill conceptualized; teachers are not sure exactly what is and is not
considered STEAM, the complexity of changing instructional models (Portz, 2015), and
having a narrow focus that typically favors math or science with little attention to
engineering and technology, means educators often fail to offer an integrated curriculum
(Bybee, 2010; Moore et al., 2014).
CK and quality PK practices play an enormous role in it the effectiveness of
integrated STEAM teaching (Caprara, et al., 2006; Stohlmann, et al., 2012). Teachers’
beliefs about the efficacy of STEAM instruction improve during STEAM professional
development (PD), however these same teachers continue to struggle with STEAM
curricula, finding discipline or subject area and technology integration difficult even when
collaborating across subjects (Wang, et al., 2011). Another issue plaguing the success of
STEAM instruction is the lack of a clear consensus on how STEAM should be taught
(Herro, et al., 2019).
Research has identified a number of challenges with STEAM programs including
additional preparation time, access to resources, storage space, teacher attitudes toward
STEAM, learning new content, and effective assessment (Laboy-Rush, 2011). Teachers
also had difficulty with standards alignment (Nadelson et al., 2013), cited a lack of
collaboration among colleagues (Zubrowski, 2002), and struggled to have a solid
understanding of how to teach subject matter across disciplines (Pang & Good, 2000).
The challenge for teachers lies in aligning STEAM with classroom practices, at
times creating a dichotomy between theory and practice. Without strong STEAM teachers
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who understand how to embody this vision of integrated STE(A)M, STE(A)M could be
reduced to a simplistic version of “design cycles” based on hands-on activities absent of
strong science and mathematical content (Williams 2011).
Teacher Professional Development
Teaching STE(A)M content at the elementary level is filled with opportunities and
challenges (Abrams, et al., 2008). The opportunity to capitalize on the enthusiasm of young
learners and their desire to explore STEAM concepts, the development of student
foundational STEAM knowledge, and flexibility in the elementary curriculum that can
more readily support innovative approaches for teaching STEM content (Nadelson, et al.,
2013). The challenges include access to appropriate resources, the overwhelming focus on
English language arts and mathematics learning standards, and teacher preparedness to
teach STEM curriculum (Nadelson et.al., 2013). Meeting these opportunities and
challenges is likely to require teachers to engage in ongoing professional development
(Morrison, et al., 2008; Tsai, 2006). Teachers’ need for continuing education to enhance
their preparation to teach STEM is accompanied by the need to investigate the effectiveness
of these continuing education offerings (Nadelson et.al., 2013).
The typical elementary education teacher certification curriculum requires
candidates to complete two college-level science courses and two college-level
mathematics courses (NRC, 2010), which is arguably inadequate preparation for teaching
a STEAM curriculum. To overcome the limitations associated with this minimal
preparation in STEAM, it is essential that teachers engage in continuing education (NRC,
2017). Thus, professional development in STEAM is critical for assuring teachers are
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prepared to effectively meet the STEM education needs of their students. As stated by
Sanders (2009):
Given the amount of CK necessary to be an effective science, mathematics,
or technology educator, it’s very difficult to imagine a new teaching/
licensure program that would prepare individual pre- and/or in-service
teachers with sufficient science, mathematics, and technology content
expertise—and the PCK—to teach all three bodies of knowledge effectively
(p. 21).
For teachers already in the classroom, a number of curriculum initiatives include
professional development (PD) to build CK in more than one STEAM discipline (El Nagdi,
et al., 2018). Little is known, however, as to whether these efforts address teacher needs
related to integrating STEAM education in their classrooms. Evidence does indicate that
educators need opportunities and training to work collaboratively to deliver effective,
integrated STEM instruction (El Nagdi, et al., 2018). PD and collaboration should involve
staff in the school (e.g., joint lesson planning among STEM teachers) but may extend
beyond the classroom to include STEM and education faculty in postsecondary institutions,
educators in after-/out-of-school settings, and STEM professionals in industry (Honey, et
al., 2014).
Teacher education programs around the country are making efforts to prepare
prospective teachers with appropriate CK in more than one STEAM subject and a larger
number of programs offer in-service PD related to STEAM education (Honey, et al., 2014).
Perhaps obvious, it is worth noting that many of the changes likely to be needed to
successfully implement integrated STEM education will require additional financial
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resources. Money, as well as time and planning, will be required to help educators acquire
content and PCK in disciplinary areas beyond their previous education or experience
(Honey, et al., 2014).
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CHAPTER 3
Introduction
The purpose of this qualitative multiple case study and grounded theory design is
to explore, understand, and describe K-4 teachers’ perceptions and experiences with
integrating and implementing a new STEAM curriculum. This study is important because
of the lack of available research with respect to elementary level teachers’ abilities and
comfort levels of teaching science curricula. Understanding teachers’ perceptions with
respect to this, particularly during the implementation of a newly aligned STEAM program,
will prove to be invaluable as it will help to identify areas of strength and weakness with
this new initiative. Additionally, it is important to review and analyze the requirements
needed for effective instruction that affects elementary teachers’ attitudes, perceptions, and
confidence to implement STEAM education in the classroom (Brown, 2012; Wang, 2012).
This research study seeks to provide details and potential implications for how elementary
teachers’ perceptions affect the integration and effectiveness of STEAM education. The
themes identified look to provide a greater understanding of how teachers’ personal
feelings about STEAM, as well as teachers’ experiences, affect the quality of student
learning.
Chapter 3 includes the description of the research method and design and
explanations of the reasons and appropriateness for choosing a qualitative, multiple case
study design and grounded theory. Included in this chapter are a list of the research
questions and descriptions of the sampling criteria, sampling frame, study participants,
informed consent, confidentiality, and geographic location. Also discussed are datacollection procedures, rationale, validity and reliability, and data analysis.
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Methods and Procedures
Research methods and designs explain specific procedures used in data collection
and data analysis in qualitative or quantitative research methods (Yin, 2009). In this study,
the researcher used the multiple case study and grounded theory design to explore and
understand the perceptions and experiences of elementary teachers relevant to K-4 STEAM
education. There will be three distinct sources of data that will be examined: lesson plans,
teacher observations, and interviews. Merriam (2002) described qualitative research as a
method research use to uncover the meanings individuals have constructed about an event,
a situation, or a specific phenomenon. Stake (2010) posited that qualitative research is a
process aimed at understanding one thing well and how something works. A qualitative
study is appropriate when little information exists about the topic, the variables are
unknown, and a relevant theory basis is inadequate (Yin, 2009).
Given the problem and purpose of this study, the appropriate design model for this
research is a multiple case study, grounded theory design. Yin (2009) defined the case
study as an empirical inquiry to understand a real-life phenomenon in depth. The evidence
from multiple cases is often considered more compelling, and the overall study is therefore
regarded as being more robust (Herriott & Firestone, 1983). In this research the multiple
cases will be representative of teachers from multiple grade levels. The systematic design
for grounded theory is widely used in educational research, and it is associated with
detailed, rigorous procedures that Strauss and Corbin identified in 1990 (Creswell, 2007).
This research will also employ document analysis, document analysis is a form of
qualitative research in which the researcher interprets documents to give additional
meaning to the participants’ views on the topic (Merriam, 2002). Information gathered
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from teacher lesson plans and field notes from teacher observations will be used to
triangulate with the interview data. Patterns and themes of meaning are expected to emerge
as the documents and interviews are analyzed from the participants’ own words as the study
unfolds (Yin, 2009).
Interviews are one of the most common forms of qualitative research methods and
involve the construction or reconstruction of knowledge (Mason 2002). The interview is a
flexible, interactive, and generative tool to explore meaning and language in depth.
Interviews with open-ended questions for collecting data are appropriate to elicit the views
and opinions from the participants (Yin, 2009). The advantages of using open-ended
questions include increased capability to get in-depth perspectives of the participants,
increased interaction between the respondent and questionnaire, and an appealing design
to people who would use the research (Patton, 2002).
A multiple case study design may introduce new and unexpected results during its
course, leading research into a new direction. Problems with internal and external validity
and with reliability may exist in this type of study. However, the disadvantages are
balanced by contributions to theory development and understanding of issues the rich detail
and themes provide (Yin, 2009). The benefits of this method of research can be enhanced
by the use of multiple sources and multiple methods.
Grounded Theory
Grounded theory is a systematic, qualitative procedure used to generate a theory
that explains, at a broad conceptual level, a process, an action, or n interaction about a
substantive topic (Creswell, 2012). Grounded theory involves theoretical sampling,
constant comparison analysis, data coding (open, axial, selective), and memos. It is a
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method for building theory inductively, through a process of systematic coding and
analysis. The theory is “grounded” in data, is integrated, consistent, and close to data
(Strauss & Corbin, 1998).
Using grounded theory enables the researcher to allow a theory to emerge from the
data rather than by using specific preset categories, allowing the researcher to explain a
basic social process (Glasser, 1993). This researcher used grounded theory to incorporate
a systematic approach to analyze participant data and develop a theory for STEAM as it
currently relates to teachers. This research used grounded theory practices in an effort to
capture the experience of the participants in analyzing teacher perceptions of STEAM.
A good grounded theory is applicable to the substantive area of research; it provides
an understanding that makes sense within the context of the study; it is abstract enough yet
it includes sufficient variation so that it is applicable to other contexts related to the
phenomenon; and, it aims at providing a degree of control over the phenomenon studied.
Grounded theory is useful and appropriate for creating substantive, mid-range theory that
has explanatory utility (Strauss & Corbin, 1998).
In grounded theory research, data collection and analysis take place
simultaneously. Data are coded into categories in a systematic, rigorous yet flexible
approach. The researcher interprets the categories and evolves them into broader
concepts. Through constant comparison, the concepts and categories are continually
revised against the data. Characteristics of the data, category dimensions and
relationships are (re)evaluated until no new meaning can be derived from the data. It is at
that point that the study ends. The theory emerges from the research, at each of the steps
(Denzin & Lincoln, 2000).
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Research Questions
This multiple case study, grounded theory design will utilize qualitative research
analysis in seeking to evaluate and understand the complex dynamic between teacher and
instruction. One broad question will drive this research: What is required for elementary
teachers to effectively implement a STEAM curriculum within their classrooms?
Several sublevel questions will be asked to draw out the answer to this broad
question. The sublevel questions included:
1. What are elementary teachers’ understandings of what STEAM education is at
the elementary level?
2. How do K-4 teachers’ feel about their abilities to teach STEAM education
affect their willingness to integrate it into their classrooms?
3. What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?
Setting
This research seeks to explore K-4 elementary teachers’ perceptions and
experiences after participating in the new STEAM initiative for one year. The target school
for this research is a suburban elementary located in Long Island, New York. This research
seeks to explore teachers’ beliefs and perceptions surrounding this new initiative and
document their experiences with integrating STEAM education into their classrooms.
Research questions will focus on two main components of the STEAM initiative:
curriculum and instructional practices.
Over the last ten years, there has been a decrease in the amount of time spent on
elementary science instruction at this school due to an increased need to focus on
developing and revamping core ELA instructional practices. In the last fifteen years, this
district has seen an increase in its Hispanic population, current enrollment with this district
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is 57% Hispanic, 41% White, and 2% Multiracial. During this time, the district was
adapting its programs to meet its students’ needs.
In 2008, this school was cited by New York State for underperformance on the
English Language Arts exams, which resulted in a programmatic review and the
requirement to develop a Local Assistance Plan (LAP). As per Commissioner’s
regulations, LAP schools must develop a plan which focuses on closing identified gaps in
student achievement. In order to help improve the performance of second language learners
on the ELA exam, a plan was developed as well as a timeline for implementation.
As a means to address academic and instructional areas of weakness, building and
district leveled leaders researched new reading programs to support the diverse needs of
the community and developed a newly revised daily schedule which provided students
reading practice and interventions for three hours per day. The goal of these changes was
to close achievement gaps and boost performance scores. As a consequence of this
initiative, there was little time devoted to hands-on science instruction.
With achievement scores now above the previous levels on the third and fourth
grade ELA exams, leadership has shifted its focus to reinstate science by funding a new
school-wide STEAM initiative and is currently focused and committed to developing a
unique and innovative program for this school.
Participants
The participants of a study are composed of a group of individuals with similar or
same characteristics (Creswell, 2012). The participants for this study consisted of five, K4 teachers who work in one suburban New York elementary public school. During the
2019-2020 school year, the school involved in this study had a total of 23 K-4 teachers
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participating in the STEAM initiative. From this population, one teacher per grade level
will be recruited to participate in this study.
The total sample for this study will be five, K-4 teachers, one per grade level,
selected from the target school. The researcher has identified one teacher per grade level
to participate in this study, and for purposes of anonymity, the names of these individuals
have been changed: Janice (kindergarten), Kristie (Grade 1), Lori (Grade 2), Heather
(Grade 3) and Victoria (Grade 4). Sample size in qualitative research varies with the nature
of the study (Patton, 2002). McNamara (2009) stated that no set sample size for qualitative
studies existed because of the large amount of data generated and the complexity of
analyzing qualitative data, but a researcher can continue to gather data until saturation
occurs or no new information is obtained. Similarly, Patton (2002) stated that credibility
of qualitative research depends more on the richness of the information gathered and less
on sample size. To minimize bias, the researcher plans to conduct a culminative focus
group interview until data saturation or until no different ideas are expressed and no new
information can be gained. Teachers involved in the study all began the STEAM initiative
at the same time. Upon completion of this study they will all have had the same level of
exposure to this new program.
Table 2
Description of Participants
Participants
Janice
Kristie
Lori
Heather
Victoria

Grade
Level
K
1
2
3
4

Gender
Female
Female
Female
Female
Female

Years of
Teaching Experience
20
15
25
17
11

Education Level
Masters +45
Masters + 40
Masters + 45
Masters +45
Masters + 30

47
Data Collection Procedures
Data analysis is the process of organizing interpreting the data searching for
recurring patterns to determine the importance of relevant information (Bogdan & Biklen,
2007). In qualitative research, the collecting of data and analysis takes place
simultaneously to build a coherent interpretation of the data (McMillan & Schumacher,
2001).
In this research, data will be collected from three sources: lesson observations,
lesson plan review, and a focus group interview. The researcher plans to observe one
science lesson per grade level during which data will be collected using evaluator
observations and field notes. The researcher will additionally analyze the lesson plan from
participant teachers and finally, the researcher will hold a focus group interview and collect
data through field notes. These three data sources will then be analyzed.
The data analysis for this study will proceed through the methodology Merriam
(2002) and Yin (2009) suggested. Guided by Yin’s method of inquiry, data analysis will
include transcribing recorded interviews, coding data, categorizing the coded data, and
identifying the primary patterns and themes in the data. Merriam (2002) described coding
as the process of interacting with the data, raising questions about the data, comparing data,
and reaching conclusions from knowledge generated from the data. The purpose of coding
is not only to describe the data, but also to acquire new understanding of the phenomenon
of interest or events central to the study (Yin, 2003). Based on the suggestion of Creswell
(2007), the researcher plans to complete preliminary analysis after the focus group
interview. The researcher will then code and record data according to the constant
comparative method until themes began to emerge. The constant comparative method
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involves breaking down the data into meaning units and coding them to categories (Glaser,
1965). The researcher will use documentation and field notes to further endorse themes
where applicable.
Document Analysis
Document analysis included a review of teachers’ STEAM lesson plans and
observation field notes. Document analysis is a form of qualitative research in which the
researcher interprets documents to give additional meaning to the participants’ views on
the topic (Merriam, 2002). The researcher used information from documents to triangulate
the data with the interview responses. Patterns and themes of meaning will begin to emerge
as the researcher analyzes the documents and interview from the participants’ own words
as the study unfolds (Yin, 2009).
Focus Group Interview
The researcher plans to meet with participants and take interview notes pertaining
to the dialogue concerning the teachers’ opinions, feelings, thoughts, and suggestions. The
researcher will make every effort to help the teachers become comfortable and at ease. The
interview will begin with informal conversation about the current school year and other
low-stakes topics to assist each teacher with relaxation and comfort with the focus group
scenario. The participants will be given the option to opt out of answering an interview
question should they not wish to answer. The researcher will review the teachers’ answers
with the teachers before moving to the next question, allowing for confirmation and
accuracy.
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Field Notes
Field notes provide an additional opportunity to collect data and allowed the
researcher to record and comment on his or her thoughts about the setting and activities
during research. The researcher’s observations will be recorded by hand during lesson
observations as well as during the focus group to ensure recollection of behaviors,
mannerisms, tone, or observations of verbal and nonverbal nature that may bring additional
clarity to the conducting of the research (Merriam, 2002). Yin (2009) recommended field
notes as tools to assist the researcher to carry out the case study and to increase reliability
of the research.
Data Analysis
Data analysis is the process of organizing and interpreting the data, searching for
recurring patterns to determine the importance of relevant information (Bogdan & Biklen,
2007). In qualitative research, the collecting of data and analysis takes place
simultaneously to build a coherent interpretation of the data (McMillan & Schumacher,
2001). The data analysis for this study will proceed through the methodology Merriam
(2002) and Yin (2009) have suggested. Guided by Yin’s method of inquiry, data analysis
included transcribing interviews, coding data, categorizing the coded data, and identifying
the primary patterns and themes in the data.
Merriam (2002) described coding as the process of interacting with the data, raising
questions about the data, comparing data, and reaching conclusions from knowledge
generated from the data. The purpose of coding is not only to describe the data, but also to
acquire new understanding of the phenomenon of interest or events central to the study
(Yin, 2003). The researcher will code data according to the constant comparative method
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until themes began to emerge. The constant comparative method involves breaking down
the data into meaning units and coding them to categories (Glaser, 1965). The researcher
will use the lesson plan documents, field notes, and interview transcripts to further endorse
themes where applicable.
Bracketing
To begin the process, the researcher will set aside all prejudgments, a process called
bracketing (Merriam, 2002). The researcher independently analyzed the transcripts, which
requires reading and rereading field notes and transcripts for accuracy, significant
statements, and meanings. Using the qualitative software, the researcher plans to highlight
and grouped code words around significant thoughts or ideas in the data, a step called
categorizing. The researcher seeks to identify patterns, themes, and meanings using
interviewees’ statements and phrases.
Coding
Aside from the document analysis, guided interview questions, and field notes, the
researcher will use coding to help validate the research (Merriam, 2002). The use of these
sources supports triangulation, data collection, analysis, and interpretation of the data (Yin,
2009). The researcher will read through the focus group interview transcripts and code the
highlighted terms or phrases into broad themes. The researcher will then assess these
themes for commonalities with lesson plan documents and observational data, looking for
any commonalities that provide evidence and support the theme.
Interview and Field Notes Analysis
To begin the process, the researcher set aside all prejudgments, a process called
bracketing (Merriam, 2002). The transcribed interview data and field notes will be
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highlighted and grouped by code words around significant phrases or ideas in the data, a
step called categorizing. This will allow the researcher to see the relationships between the
coded data and identify categories and emerging themes.
Validity and Reliability
Validity and reliability are central issues in data collection, analyzing results, and
in judging the quality of the study (Shank, 2006). According to Miller (2000), validity is
the strength of qualitative study based on whether the findings are accurate from the
standpoint of the researcher, the participants, or the readers of an account. Validity is the
degree of confidence that a researcher draws from the results of a study. Yin (2009) noted
that the level of rigor in qualitative research would help determine whether the findings are
trustworthy.
Internal Validity
Internal validity in a qualitative study refers to the creditability of the data collected
(Shank, 2006). Stake (2010) described triangulation as a process where evidence is
collected from different individuals, types of data, or variety of data collection methods for
corroborating evidence. Patton (2009) said the purpose of triangulation was to show that
different kinds of data or approaches might yield different results because they are sensitive
to different real-world nuances, not necessarily to show that the same result is derived from
different sources of data or approaches. Credibility of results is not weakened by
inconsistencies in findings across different kinds of data but offers opportunities for deeper
insight into the relationship between inquiry approach and the phenomenon under study
(Patton, 2009). In a qualitative case study, data triangulation can be achieved with the
responses and answers of participants in open-ended interviews and by asking participants
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to review and verify the accuracy of their answers – a process called member checking
(Bogdan & Biklen, 2007).
External Validity
External validity is the degree to which the conclusions reached from the study are
applicable to other contexts (Stake, 2010). External validity is not commonly used in
qualitative studies because qualitative research mainly focuses on exploring or describing
a specific phenomenon, not on generalizing the results (Christensen, et al., 2011). A
qualitative study may enable naturalistic generalizations, which involves comparing
individuals and contexts to those in the study for any similarities (Christensen et al., 2011).
This study will contain descriptive data, including anonymous participant details and
context, collected from elementary K-4 teachers selected from a target school in New York.
The study’s results may enable external validity via naturalistic generalization and shed
light on successful integration of STEAM education in elementary schools.
Reliability
Reliability for qualitative studies refers to the consistency and dependability of the
data collected (Yin, 2009). Within reliability are the elements of trustworthiness,
authenticity, and credibility (Creswell & Miller, 2000). Interviews, member checking, and
triangulation reduce the risk of bias and increase the reliability of the data (Bogdan &
Biklen, 2007). Reliability means that other researchers could use the same method of study
and reproduce the same results (Merriam, 2002).
Trustworthiness and Credibility
To ensure trustworthiness, the researcher considered three criteria: credibility,
dependability, and transferability. Credibility refers to the believability of the findings
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enhanced by evidence such as confirming the evaluation of conclusions with research
participants and theoretical fit (Merriam, 2002). To ensure credibility, the researcher will
engage in prolonged analysis with data sources in an effort to describe and present the
reader with a thick and rich description of the data.
The researcher will attempt to build rapport with the participants to obtain honest
and open responses. During the focus group interview, the researcher plans to restate, or
summarize, information given and question the participants to determine accuracy. This
will allow the participants to analyze the information and comment. The participants will
confirm that the summaries accurately reflected their views, feelings, and experiences. The
study is said to have credibility if the participants affirm the accuracy and completeness of
the summary (Merriam, 2002).
Triangulation
Triangulation is a process that is often used to investigate results using two or more
data sources. Cohen and Manion (2000) defined triangulation as an attempt to map out and
explain the richness and complexities of human behavior by studying it from more than
one standpoint. Stake (2010) described triangulation as a process where evidence is
collected from different individuals, types of data, or variety of data collection methods for
corroborating evidence. Triangulation is a strategy to increase validity of the study by
examining a situation from two or more perspectives (Stake, 2010). Patton (2009) stated
that the purpose of triangulation was to show that different kinds of data or approaches may
yield different results because they are sensitive to different real-world nuances, not
necessarily to show that the same result are derived from different sources of data or
approaches.
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In a qualitative case study, data triangulation can be achieved using the responses
and answers of participants in open-ended interviews and by asking participants to review
and verify the accuracy of the data, a process called member checking (Bogdan & Biklen,
2007). Triangulation, using multiple sources, and member checking reduce the risk of bias
and increase the reliability of the data (Bogdan & Biklen, 2007). Inconsistencies in findings
across different kinds of data does not weaken the credibility of results but rather offers
opportunities for deeper insight into the relationship between inquiry approach and the
phenomenon under study (Patton, 2009).
Triangulation will be achieved in this study by using multiple data sources
including focus group interview, document analysis, and field notes. The semi structured
interview will consist of asking demographic questions and open-ended questions about
topics related to K–5 teachers’ perceptions of the implementation and integration of the
new STEAM curriculum program and curriculum. Document analysis will include a
review of lesson plans and lesson observation field notes. This researcher seeks to give
voice and meaning to the present STEAM curriculum and program.
Researcher Role
As an educator, the researcher is able to relate to the lived experiences of the
participants and capture the relevance of the perceptions shared, which will assist in adding
depth and significance to the themes (Shank, 2006). The researcher of this study plans to
take the position of an “insider.” Insider researchers are often able to engage research
participants more easily and use their shared experiences to gather a richer set of data
(Dwyer and Buckle 2009). Banks (1998) identified four categories of a researcher’s
positionality: indigenous-insider, indigenous-outsider, external-insider, and external-
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outsider. that represent differences in researchers’ knowledge and values based on their
socialization within different ethnic, racial, and cultural communities. It is this researcher’s
intent to take on the role of “indigenous-insider.” This researcher endorses the unique
values, perspectives, behaviors, beliefs, and knowledge of his or her indigenous community
and culture and is perceived by people within the community as a legitimate community
member who can speak with authority about it (Banks, 1998). Attention will be given to
ensure that bias will be minimized, and past experiences and knowledge do not interfere
with data collection or analysis.
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CHAPTER 4
Introduction
The purpose of this multiple case, grounded theory research was to explore,
understand, and describe K-4 teachers’ perceptions and experiences with integrating and
implementing a new STEAM initiative. As an educator, the researcher sought to gain a
better understanding of how STEAM education is being implemented at the elementary
level from a case study perspective. The focus of Chapter 4 is a detailed discussion of the
research process, which includes: a description of the demographic characteristics of
participants, an explanation of the data collection and analysis procedures used to discover
common themes, the findings in terms of the emerging themes identified by the study
participants, and a summary of the results. The researcher presented the key findings
obtained from lesson observations, lesson plan review, and a focus group interview
consisting of five teachers, one from each grade level K-4.
The researcher began by conducting STEAM lesson observations, taught by each
participant. The researcher collected field notes during each lesson observation. The
researcher also requested that the participants share lesson plans for each STEAM lesson.
Lesson plans were also evaluated. Finally, a focus group interview was conducted to give
voice and perspective to the data collected through lesson observations and lesson plan
review. The researcher used the data collected from the lesson observations, as well as the
lesson plan review, in developing targeted questions. The culminating focus group
interview presented an opportunity for the researcher to clarify the ideas for the study, to
modify the interview questions as necessary, and to increase the quality of data for the
study (Merriam, 2002). Additionally, the researcher corroborated and triangulated
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interview data with secondary information, obtained from field notes taken during the
lesson observation and lesson plan review in order to support the research findings.
Results
This research utilized a final sample of five female teachers. These teachers all
worked in a suburban public elementary school (K-4) in New York. Each participant was
directly involved in the new STEAM initiative. The participants’ demographic
characteristics indicated that the sampled teachers had a broad range of teaching
experiences, however all of the teachers had less than one year of STEAM teaching
experience (see Table 2).
This research triangulated data from three primary sources: two lesson plan
observations per teacher, lesson plan review, and a culminating focus group interview. The
researcher then utilized the lesson observations and lesson plan data to identify questions
for the focus group interview. The focus group interview was transcribed by the researcher
and then analyzed against the other two data sets to identify patterns and themes until data
saturation had been reached.
Saturation has attained widespread acceptance as a methodological principle in
qualitative research and is commonly taken to indicate that, on the basis of the data that
have been collected or analyzed, further data collection and/or analysis are unnecessary
(Saunders, et al., 2018). The focus group interview provided depth to the data collection
and to gather more recommendations from the sample (Creswell, 2012).
Data Sources
In order to facilitate the triangulation process for conducting this multiple case
study and identify grounded theory, the sources of data included: (a) STEAM lesson
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observation, (b) teachers’ lesson plan review, and (c) a semi-structured focus group
interview about teachers’ perceptions of STEAM integration, (Yin, 2010). The researcher
conducted interviews after completing lesson observations and reviewing lesson plans.
This information proved to be valuable in corroborating the information obtained from the
participants.
Data Collection Procedures
The researcher began by collecting data from five, K-4 elementary teachers who
willingly allowed the researcher to observe them instructing a STEAM lesson and provided
permission for the researcher to review their lesson plans. The researcher then developed
a set of guiding interview questions to utilize as a framework in an effort to garner reflective
responses from the participants (Appendix D). The interview format was a semi-structured
focus group interview. The focus group interview process allowed the participants to
answer freely and allowed for exploration of topics as they presented themselves (Merriam,
2002).
The data collection process was as follows:
1. The researcher requested (Appendix A) and was granted permission (Appendix B)
to collect data from Superintendent of Curriculum and instruction for the school
district.
2. After permission was granted, the researcher contacted the principal to gain
permission to interview teachers and collect data. The principal recommended one
teacher per grade level to participate.
3. The researcher provided each participant with a letter of consent (Appendix C).
4. The researcher began by scheduling opportunities for lesson observations.
5. At the conclusion of these observations, the researcher requested copies of
participants’ lesson plans for review.
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6. Prior to the focus group interview, the researcher developed a set of guiding
questions for the interview.
7. The participants met together at an agreed time and location for the focus group
interview. The participants signed the informed consent in the presence of the
researcher prior to the interview.
8. The researcher took detailed notes throughout the interview process.
9. The researcher also took reflective notes at the conclusion of each guiding question
with respect to participants’ responses ensuring collection of behaviors,
mannerisms, tone, or observations of verbal and nonverbal nature that brought
additional clarity to the conducting of the research (Merriam, 2002).
Data Analysis Procedures
The data analysis process for this multiple case study design was guided by Yin’s
(2009) method of inquiry. To begin the process, the researcher purported to set aside all
prejudgments, which is a process called bracketing (Merriam, 2002). The data analysis
process consisted of coding the data, categorizing the coded data, identifying the primary
patterns’ themes, and discussing the results of the data. First, the researcher prepared the
data. The researcher transcribed the interview data field notes into a textural format (rich
text format, or .rtf) using. The researcher examined the transcribed data for redundancies,
repetitions, inconsistencies, and errors. The researcher then saved the digitally transcribed
data in .rtf, and uploaded it to NVivo, qualitative software for storage and management of
large volumes of textural data. In addition, the researcher used the software to assist in
highlighting expressions, phrases, and other meaning units within the transcripts. Meaning
units identified in the transcripts and text included strings of words and sentences that
convey ideas, thoughts, and expressions in the words of the participants (Merriam, 2002).
The researcher compared these for similarities and patterns. Figure 1 depicts the process of
utilizing qualitative analysis conducted using NVivo software; a qualitative software
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analysis developed by QSR international. The analysis followed a 4-step process as
depicted in the diagram below.
Figure 1
Four-Step Analysis
Reading and
Interpretation
of Data

Coding of Text

Theme
Classification

Results

After the initial reading and interpretation of the text, the researcher then coded the
data according to the constant comparative method until themes emerged (Merriam, 2002).
The constant comparative method involved breaking down the data into meaning units and
systematically comparing sections of the text (Glaser, 1965). The researcher used the
NVivo software to record similarities and differences between these sections as they were
discovered. To make the data more understandable, the researcher transformed the text into
major themes.
Document Analysis
The researcher examined teacher lesson plans and engaged in qualitative document
analysis as part of the triangulation of data. Each participant was asked to provide the
researcher with access to STEAM lesson plans so that they could be evaluated. Through
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the examination of lesson plans the researcher was able to examine how teachers are
planning STEAM lessons. The researcher examined these documents against lesson
observation data and what teachers discussed in the focus group interview in an effort to
look at patterns. These patterns were then examined against one another to identify
prevalent themes.
In the examination of ten lesson plans, two from each of the five participant
teachers, the researcher looked to see if what was observed during lesson observations
matched with what was planned for in the development of STEAM lessons. In other words,
did the real-life lesson match the written plan? The lesson plans as a whole demonstrated
lessons geared more toward traditional science lessons than the incorporation of STEAM
domains. The participants lesson plans did not expressly indicate or use the term hands-on,
even though many teachers expressed during the interview that this was essential in
STEAM lessons. Out of the ten lessons reviewed, there were zero which provided
opportunities for inquiry-based STEAM learning despite this term also being used by
teachers in interviews. Further, although most teachers used a form of technology within
the lesson, engineering, math, and art were not seen through either observation or lesson
planning documents.
Fieldnotes
Throughout this investigation, the researcher took field notes. This research
collected both descriptive and reflective fieldnotes. Descriptive fieldnotes record a
description of events, activities, and people, while reflective fieldnotes record personal
thoughts that researchers believe relate to their insights, or broad themes that emerge during
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the observation (Creswell, 2012). Fieldnote data was collected during each lesson
observation as well as during the culminating focus group interview.
Overview of Participants
The following descriptions highlight each participant and include selected excerpts
from the focus group interview.
Janice
Janice is a female teacher who currently teaches kindergarten. She has been
teaching for 20 years and has taught at multiple grade levels. Janice stated that she enjoys
teaching but that STEAM is very new concept for her. Janice stated: “Before we had
STEAM introduced in our district, I don’t think I thought enough about science and math
and how they should be integrated into the classroom. I know that critical thinking skills
are crucial for students and the earlier they are engaged in this type of learning, the more
successful they will be. However, figuring out how to bring all of these subjects together
in the classroom is overwhelming.” Janice reflected that STEAM was more hands-on and
project based. She stated: “I believe STEAM at this level should spark an interest in how
things work, how to ask questions, how to get involved in the creative process.” While
Janice initially felt uncomfortable teaching STEAM, she subsequently admitted that she
feels a bit more confident and comfortable with the program.
Janice feels that the main challenges and obstacles she experienced while teaching
STEAM were mainly time constraints and the lack of proper training regarding
expectations of her as an educator. Janice stated that she lacked sufficient time to do
lessons. Janice added, “More time for preparation would be nice.” Continuing, she said:
“I’m not even 100% sure what STEAM is. When you look online, there are so many
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different ideas of what STEAM is.” Janice also indicated that she felt unsure whether
teachers at her school were doing STEAM correctly, but that she and her students enjoyed
what they were doing so far with this new program.
Kristie
The second participant, Kristie was a female teacher who holds a Master’s degree
plus 40 credits and has 15 years of teaching experience. She currently teaches first grade.
Kristie described STEAM teaching as teaching critical-thinking skills. She said: “To me,
STEAM education at the elementary level is hands-on learning to solve problems and
questions that students wonder about.” Kristie also stated: “I feel extremely comfortable
and confident in my ability to teach science, art, and math in K-4. However, technology
and engineering I am much less comfortable teaching.” She envisions a STEAM
curriculum for each elementary grade that is developmentally appropriate for each grade,
helping her students think critically.
Kristie stated she enjoyed teaching STEAM, and she felt like she understood what
was expected of her. Kristie: “I believe STEAM education should be a combination of
direct instruction and hands-on application. In my opinion, students should be presented
with information, given an opportunity to ask questions, and then apply that knowledge
through hands-on labs.” The major challenges and obstacles she faced while teaching
STEAM were being unprepared, not being trained adequately, and feeling uncomfortable
with teaching technology and engineering practices. She acknowledged that teachers need
to be better prepared and trained to be more comfortable teaching STEAM, and she
believed that professional development would help teachers understand the concepts of
STEAM.
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Lori
Lori is an elementary teacher with more than 20 years of teaching experience. She
currently teaches second grade. Lori stated that when she thinks of STEAM she believes
that it is teaching all of the disciplines in a very “hands-on” way. She uses the acronym to
guide her in teaching STEAM correctly and wished she had more time allotted to
experimenting and using different tools to learn. Lori: “When I am teaching STEAM
lessons, I try to make sure I am integrating each discipline in the theme.” She admits
“During STEAM class with the STEAM teacher, I am comfortable assisting in whatever
way I can. Teaching STEAM independently is less comfortable because I am not very
familiar with the curriculum.” Lori also stated that teachers do not have enough time to
focus on the curriculum at the elementary level due to a high focus on teaching reading and
math.
Lori believes that STEAM education should be collaborative, hands-on, and have
teachers facilitating while children explore concepts. Lori stated, “I have read about what
STEAM is supposed to be, but I’m not sure I do it correctly.” She felt that STEAM would
be better if she had more opportunities to learn what other teachers are doing in their
classrooms. Lori also expressed that she is more comfortable reviewing topics then
introducing them: “Currently, I am only reviewing with my class what they have already
learned or doing alternative activities. In order to feel more comfortable with teaching
STEAM, especially the new curriculum, I would certainly need training and materials.”
Her chief complaint was having little guidance with respect to teaching STEAM. She felt
that STEAM should be hands-on, project-based learning but didn’t quite know how to
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implement that in her classroom. Lori said, “With more knowledge and training, I would
be more comfortable.”
Heather
The fourth participant was a female teacher with 17 years of teaching experience.
She has currently been teaching third grade for 8 years. Heather described STEAM as
incorporating science, technology, engineering, art, and math into real world topics that
students can relate to and then delivering them through lessons. Heather stated: “Lessons
should be hands-on, interactive, engaging, and creative. STEAM lessons should reach all
students and all different types of learners.” She further explained “STEAM education
makes kids think outside of the box. They are able to explore, discover, and know that it is
ok to be wrong. STEAM education is interactive, engaging, and fun.” Heather also
expanded upon her thinking and added: “I am pretty comfortable with teaching STEAM.
Some of the topics may require me to research before presenting the subject matter to the
students. I find myself being most comfortable with integrating art and technology into my
math and science classes, I am less comfortable with the engineering component of
STEAM.”
Heather said if she had access to the more resources as well as the freedom to
explore them on her own, it would be easier to integrate STEAM into here grade level
curriculum. However, her school currently utilizes a block schedule and she finds that time
to be a huge constraint on her ability to incorporate STEAM lessons more frequently.
Heather said, “I know how to implement lessons, I just need to learn the resources and have
more time dedicated to spend on lessons.” Another complaint of Heather’s was the lack of
time for lesson planning. Heather stated: “We don’t have the time because we are always
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feeling the pressure of the state test. Maybe knowing what is expected and what curriculum
should be used would help.” Heather admitted that she would benefit from more
professional development to fully understand what STEAM is and how to use incorporate
it.
Victoria
Victoria is a teacher with eleven years of teaching experience in fourth grade.
Victoria believes that STEAM is just ‘new’ science. Victoria stated: “To me, STEAM is
the integration of other subject areas into what we, as educators, have considered ‘science’
for many years. As time has passed and the world around us adapts and evolves, the
education of science is not as simple as we once thought it was. Today scientists are using
science in their daily work, but now more than ever before, all other areas of life are
dependent on science.” She believes that STEAM is important for today’s students. In her
statement: “STEAM allows students to find out more about the world around them.
Elementary aged students should be exposed to STEAM as often as possible.” Victoria
reflected on the new school-wide STEAM curriculum and said, “STEAM education at the
elementary level is all about investigation, experimenting, and hands-on, inquiry-based
learning.” She acknowledged that the district provided a brief overview of the goals of
STEAM with respect to the schools new program and added, “I know there is a great
importance for STEAM in an elementary classroom. The jobs that are accessible to our
children/students in this day and age are much different in comparison to 30, 15, or even
five years ago! The students in our classrooms today will possess jobs that may not even
exist in this very moment.”
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A major complaint from Victoria was not receiving enough training. Victoria
stated: “I am particularly interested in having hands-on professional development in which
I can fully understand the resources available to us or perhaps even visiting other schools
that have successful programs that will/can help us grow our own practices.” Victoria
believes with more resources and training she will be more comfortable teaching STEAM.
Study Findings
Stage 1: Reading and Interpretation of the Data
The collected data was reviewed and read several times under this phase to get a
brief overview of what the data represented. Each data set, lesson observations, lesson plan
review, and focus group interview was examined individually. Lesson observation data
was compiled and examined for domains of STEAM instruction (Table 3). The data depicts
each observation and the elements of STEAM instruction utilized throughout the lesson.
In these observations, science was demonstrated in 100% of the lessons, technology
utilized in 50% of the lessons, engineering 10%, art 30%, and mathematics 30%.
Observations also provided evidence of two key components of STEAM instruction,
“hands-on” in 80% of the observed lessons and “problem solving” in 40%. The average
amount of time for a STEAM lesson varied by grade level: Kindergarten, 23 minutes; First
grade, 31 minutes; Second Grade, 29 minutes; Third grade, 40 minutes; and Fourth Grade,
40 minutes.
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Table 3
Lesson Observation
Observable STEAM Elements
Science

Kindergarten
Observation
1
Kindergarten
Observation
2
First Grade
Observation
1
First Grade
Observation
2
Second
Grade
Observation
1
Second
Grade
Observation
2
Third Grade
Observation
1
Third Grade
Observation
2
Fourth
Garde
Observation
1
Fourth
Grade
Observation
2

Technology

Engineering

X
X

Art

Mathematics

X
X

X

X

X

X

(minutes)

X

X

22

X

X

X

X

X

X

26

35

X

40

X

40
X

X

30
32

X
X

X

24

X

X

X

X

Duration

Solving

X

X

X

Problem

on

X

X
X

Hands-

X

40

40

Next, lesson plans were analyzed. Participant teachers submitted one month of
lesson plans for analysis. Currently, teachers are instructing one lesson per week in
STEAM and so a total of 20 lesson plans were reviewed and analyzed. Lesson plan
documents were submitted in varied forms from participant teachers. This data was first
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compiled into elements for STEAM instruction comparable to the lesson observation data.
This data is displayed in Table 4. Lesson plan data was then compared to the NGSS
framework (Table 1) to identify essential elements: practices, core ideas, and crosscutting
concepts covered by the lesson plans. This data is displayed in Table 5.
Table 4
Lesson Plan Review
STEAM Lesson Elements
Number of occurrences for each element
HandsEngineering
Art
Mathematics
on

Problem

Time Allocated

Solving

(Per Lesson)

3

1

25 min

2

2

2

30 min

1

0

2

2

30 min

0

1

1

3

2

40 min

0

1

1

3

1

40 min

Science

Technology

Kindergarten

4

2

0

2

1

First Grade

4

2

0

1

Second
Grade
Third Grade

4

2

0

4

2

Fourth
Grade

4

2
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Table 5
Lesson Plan Comparison to NGSS Framework

Number of K-4 Lesson Plans compared to NGSS
Framework
0
Physical Sciences
Life Sciences
Earth and Space Sciences
Engineering and Technology
Asking Questions (for science)
Defining Problems (for engineering)
Developing and Using Models
Planning and Carrying Out Investigations
Analyzing and Interpreting Data
Using Mathematics and Computational Thinking
Constructing Explanations (for science)
Designing Solutions (for engineering)
Engaging in Argument from Evidence
Obtaining, Evaluating, and Communicating…
Patterns
Cause and Effect: Mechanism and Explanation
Scale, Proportion, and Quantity
Systems and System Models
Energy and Matter: Flows, Cycles, and Conservation
Structure and Function
Stability and Change

2

4

6

8

10

12

14

16

DICIPLPLINARY CORE IDEAS

PRACTICES

CROSSCUTTING CONCEPTS

Data shown in Table 5 revealed that science and technology domains are utilized
most often and illustrated that lessons frequently incorporated a “hands-on” component.
Data also highlighted that art and mathematics were not frequently being incorporated into
STEAM lessons. Less than half of the STEAM lessons can be described as having a
problem-solving approach and the engineering component was not utilized in any lessons.
This data was further analyzed and compared to the NGSS framework (Table 6) in
an effort to identify which essential elements; practices, core ideas, and crosscutting
concepts would apply to these lessons. This data confirms that of the 20 planned lessons,
science concepts were of primary focus as depicted in the table under disciplinary core
ideas, and practices. The data also highlights that engineering components described under
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disciplinary core ideas, and practices were not being utilized. These engineering elements
did not appear in any of the participants lesson plans.
As part of the triangulation of data, the focus group interview was also analyzed.
From the transcription of the interview, a word cloud diagram was used to depict the most
commonly used words and phrases, by participants in response to the guiding questions.
This was used to ascertain if the most used words were in alignment with the research
objectives. As depicted in the word cloud diagram (Figure 2), the most frequently occurring
terms were: STEAM, students, curriculum, comfortable, classroom, teachers, and
engineering along with many other sub-level terms. These terms directly relate to this
research and its research questions.
Figure 2
Word Cloud Diagram

Stage 2: Coding of Text
Coding of text is a process of categorically marking or referencing units of text,
such as words, sentences, paragraphs, and quotations with codes and labels that indicate
patterns of meaning in qualitative data (Mills & Gay, 2015). In this phase, the qualitative
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data was carefully read, and meaning was ascribed to the phrases in the form of codes using
NVivo. The initial coding revealed a total of 44 codes which were then reduced to 26, as
only 26 of the codes were relevant to the research questions of this study.
Stage 3: Theme Classification
The 26 relevant codes were then grouped based on the relationship between them
to form themes. The analysis reveals a total of 5 themes. The themes and their
corresponding codes are depicted in Table 6.
Table 6
Theme Classification
Name

Number of
participants

References

1. Meaning of Steam
Integration of 5 subjects into one

3

3

A practical way of teaching

2

2

Co-curricular way of teaching

1

1

Interactive and engaging

2

2

Inquiry-based learning

1

1

Teaches critical thinking

4

6

Independent problem solving

2

4

Improves creativity

2

2

STEAM allows exploration of career opportunities

2

2

Encourages innovation through critical thinking

1

1

Improves Academic Excellence

1

1

Prepares students for future employability

1

1

Encourages collaboration amongst students

1

1

STEAM preparation should be grade based/K-4 training is ineffective

1

2

Integration of all discipline is a challenge

3

3

3

4

2. Importance of Steam

3. K-4 teachers STEAM abilities

4. Factors that Affect STEAM Implementation in the
Classroom
Presence of Curriculum template
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STEAM Mentorship

2

2

Availability and accessibility of materials

2

2

Collaboration through meetings amongst teachers is essential

2

2

Discussion with educators

1

2

All students should have access to STEAM lab

1

1

Professional Development on instructional strategies is needed

2

3

More resources are needed

3

4

Inadequate time to implement STEAM demands

4

4

Classroom language diversity will hinder progress

1

1

Excessive pressure to perform

1

1

5. Challenges of STEAM implementation

Five major themes emerged from an analysis of the data. These themes were the following:
1. Meaning of STEAM
2. Importance of STEAM
3. K-4 teachers STEAM abilities
4. Factors that Affect STEAM implementation in the classroom
5. Challenges of STEAM implementation
CK, PK, and PCK
With respect to the data described above, it is vital that this research identifies how
STEAM and its instruction relates to Shulmam’s theory. The theoretical framework of CK,
PK, and PCK needs to be defined within the parameters of this research and as it
corresponds to the data. The CK is the knowledge one has for a specific discipline or topic
(Shulman, 1986), in this research, STEAM is the combination of multiple disciplines under
one umbrella, thus the CK a teacher must possess encompasses all elements of STEAM
instruction.
PK describes teachers’ knowledge of the practices, processes, and methods
regarding teaching and learning. Most importantly PK is a teachers’ experience level
working with and understanding how students learn. Berlinger (2000), conservatively
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estimated teacher experience, PK, as 5-7 years. Thus, a teacher with more than 5 years of
experience is deemed to have sufficient experience and or PK. All participants within this
study have 11 or more years of experience teaching at the elementary level (as depicted in
Table 3), therefore according to prior research the participants in this research are deemed
to possess sufficient PK experience.
Lastly, PCK describes teachers’ knowledge regarding foundational areas of
teaching and learning, including curricula development, student assessment, and reporting
results. For the purposes of this research, PCK is the ability for participants to instruct
STEAM. This will be explored further in the research analysis below.
Analysis of Research Question
Research Question 1
What is required for elementary teachers to effectively implement a STEAM
curriculum within their classrooms?
Theme 4 provides the requirements that are needed to effectively implement
STEAM curriculum in the classrooms. The data reveal that the following are needed to
effectively implement STEAM in the classroom;
1. Presence of Curriculum template: Participants highlighted that they lack
understanding on how to effectively cover all aspects of STEAM within the
stipulated time. The belief is that the curriculum will help them overcome this
delivery challenge.
“I know that having a template or an outline to follow would be helpful and I would
make sure that the topics were covered in my already existing curriculum.”
“Having a template or an outline is very helpful.”
2. STEAM Mentorship: Participants believed that having a STEAM mentor would aid
the quality of delivery of STEAM by the teachers.
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“Having a STEAM teacher mentor could also be a possibility. The mentor could
coach the teachers, implement lessons, and observe lessons and provide feedback.”
3. Availability and accessibility of materials: This is one of the most mentioned
requirements for quality delivery of STEAM by the teacher.

Participants

highlighted that STEAM requires materials and the lack of these materials and
resources would significantly diminish the effectiveness of the teachers on
STEAM.
“Then, they need to have access to resources to implement STEAM into their
classroom.”
4. Collaboration through meetings and opportunities to discuss amongst teachers is
essential: STEAM teachers must collaborate and share knowledge on how to
effectively conduct teaching lessons using STEAM. This can be achieved through
daily, weekly, and monthly meetings.
“Having a weekly meeting time to plan for the following week would be beneficial.
Working together and brainstorming with the team of teachers would allow for
many new ideas.”
5. Discussion with educators: Engaging in discussions with other educators who have
been successful in synthesizing STEAM in their classrooms. This is mainly to
acquire knowledge on how to integrate all parts of STEAM.
“Talking with other educators and how they have synthesized their program would
be great.”
6. All students should have access to the STEAM lab: Participants highlighted that
access to the lab is a key component required for the successful implementation of
STEAM.
7. PD on instructional strategies is needed: Participants highlighted that Professional
Development on how to synthesize STEAM is needed for its successful
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implementation. The PD should also incorporate training on instructional strategies
in implementing STEAM.
“Professional development would be beneficial to help understand the concepts
and implementation of STEAM within the classroom.”
“Maybe some training is needed on how to use it and how to incorporate it into the
lessons in our classroom.”
Research Question 2
What are elementary teachers’ understandings of what STEAM education is at the
elementary level?
Meaning of STEAM. The analysis of the focus group data reveals that
participants have a thorough understanding of the meaning of STEAM. They highlighted
that STEAM is the integration of science, technology, engineering, arts, and mathematics
for instruction. It is a practical, engaging, and interactive way of teaching as it involves
experimentation. It is also an inquiry-based model of learning; students learn through
solving real-world problems.
“STEAM means having the ability to incorporate science, technology, engineering,
art, and mathematics more consistently into our curriculum.”
“STEAM to me means incorporating science, technology, engineering, art, and
math into real-world topics that students can relate to and then delivering them through
lessons.”
It would appear that participants have adequate CK with respect to the defining
elements of STEAM. They have accurately described the elements necessary for STEAM
instruction. However, the data from the lesson observations and lesson plan review depict
a different story with respect to participants CK. The lesson observation and lesson plan
review identify areas of weakness with respect to participants CK.
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Importance of STEAM. The importance of STEAM cannot be overemphasized.
Participants highlighted that STEAM prepares the students for future employability. The
ever-changing world dictates it is imperative that the traditional way of education should
be adjusted to embrace a system that focuses on equipping students with: critical thinking
skills, independent problem-solving skills, and creativity. These are the key components
needed for innovation. STEAM’s goal is to equip students with the necessary skills for
innovation.
STEAM encourages collaboration amongst the students as students are often
grouped into teams to handle tasks during STEAM classes. Also, STEAM increases the
level of academic excellence of the students, this is mainly because they learn in an
interactive and fun way.
“Also, STEAM provides time for children to collaborate. They work in teams with
many different children to problem solve and create.”
“We need to prepare our students to be future innovators in this ever-changing
world. For this to happen students need to develop critical thinking skills.”
Figure 3
Understanding STEAM

Understanding
of STEAM
Meaning of
STEAM

Importance of
STEAM
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Research Question 3
How do K-4 teachers feel about their abilities to teach STEAM education and do
those feelings affect their willingness to integrate it into their classrooms?
Participants highlighted that they experience difficulty in implementing all the
aspects of STEAM. The majority of the participants experience difficulty in implementing
the engineering and technology elements of STEAM. Participants are most comfortable
with mathematics; this is followed by art and science. The participants are least
comfortable with technology and engineering (Table 7).
Additionally, participants highlighted that the existing K-4 training is ineffective in
preparing them for STEAM education. They suggested that the training should be grade
based. Teachers in first grade should be trained on delivering STEAM at the grade 1 level
alone as they believe this exclusive concentration of efforts based on grade will be more
effective than focusing on K-4 training. Teachers feel this broader grade-level training does
not help them at this time, since they are uncomfortable with what they should be doing
for their specific students now.
Table 7
Implementation Abilities

4.0

4.0

2.5

3.7

4.8

IMPLEMENTATION
ABILITIES

ENGINEERING
TECHNOLOGY SCIENCE

ART

MATHEMATICS
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Research Question 4
What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?
The participants highlighted that excessive pressure to perform is mounted on the
teachers and this often overwhelms and impedes the effectiveness of lessons. Additionally,
participants highlighted that the time allocated for STEAM lessons is inadequate and that
there are a series of scheduling challenges. STEAM lessons need more time allocated to
them. Participants also highlighted that some of the materials needed for the STEAM
lessons are insufficient. During the course of the focus group, the participants expressed
several challenges they faced for successfully integrating STEAM subjects. Among them
were time, inadequate preparation, not knowing what to expect, and a lack of proper
guidance and leadership. The leading complaint expressed by participants was not having
enough time to learn and implement STEAM.
Triangulation of these findings, along with the lesson observations and lesson plan
review, suggested that teachers are only allotting one, 20-40 minute lesson per week in
STEAM. Participants reported that there is no set amount of time expected, nor is there a
block of time allocated on teacher schedules for STEAM instruction. Lesson plan
documentation revealed on average two hours daily for ELA lessons, and 45 minutes daily
for isolated math instruction. Triangulation of these concepts led to the conclusion that
teachers may not be planning appropriately for or allotting enough time to be immersed in
the STEAM curriculum so as to become more familiar with and/or to become comfortable
with this learning initiative.
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Conclusion
To gain a better understanding of elementary teachers’ perceptions of STEAM
integration in K-4, the researcher conducted a multiple case study with five purposefully
selected teachers from a suburban school district in New York. Findings from the case
study gave rise to five themes: (1) meaning of STEAM, (2) importance of STEAM, (3) K4 teachers’ abilities, (4) factors that affect STEAM implementation in the classroom, and
(5) challenges of STEAM implementation. The findings indicated that teachers had
different perceptions about STEAM integration and how it should be implemented in K-4.
Although, many agreed that it was hands-on and project-based, these skills were not
observable in lessons at this time. The majority of teachers felt uncomfortable teaching
engineering and felt inadequately prepared and trained to teach STEAM; overall, they were
unsure how STEAM integration should be implemented in K-4. The biggest challenge
uncovered is the lack of time teachers are allotting for STEAM instruction and the inability
of teachers to develop lessons which include all the domains of STEAM. Chapter 5 will
conclude this study with a restatement of the research process, literature-based
interpretation of results, recommendations, and conclusions.
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CHAPTER 5
Introduction
In chapter five, the researcher concludes this study with a restatement of the
research process, provides implications of the findings and literature-based interpretation
of the results, and offers recommendations and conclusions. This chapter is organized by
the following major headings: (a) interpretations of findings, (b) relationship to prior
research, (c) limitations of the study, (d) recommendations for future practice, (e)
recommendations for future research, and (f) conclusion. The interpretations section begins
with a discussion of the results of the analysis, as presented in Chapter 4. The limitations
section describes the limitations of the study. The implications section is related to the
significance and leadership in the organization. The recommendations section focuses on
recommendations for future research, as well as recommended actions for administrators,
teachers, and STEAM educators. Last, the conclusion section summarizes the research.
This research set out to understand the process teachers go through when they are
faced with implementing a new and unfamiliar STEAM curriculum. With the adoption of
the NGSS Framework in New York State, and the small timeline for implementation
teachers are currently facing, this investigation was timely. While the new framework is
rich in content and practice and is arranged in a coherent manner across disciplines and
grades to provide all students an internationally benchmarked science education (Achieve,
2013), elementary teachers may lack the necessary training to properly implement these
recommendations.
More specifically, the present STEAM curricula for many K-4 elementary schools
were not well understood by teachers. Consequently, they were not properly integrated and
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taught in many cases. Additionally, STEAM state standards and assessments are required
to be implemented by 2021, with an unclear understanding on how to implement STEAM
as a new curriculum and program. As most, K-4 teachers have not learned or been taught
disciplinary content using STEAM contexts (Bursal & Paznokas, 2006; Cotabish et al.,
2011). Teachers’ integration of STEAM may then be guided not by the intended curricula,
but by the manner most comfortable to them, correlated with their beliefs about the value
and purpose of STEAM integration (Wang et al., 2011). Paulson (2012) speculated that
teachers’ attitudes and perceptions can affect STEAM achievement and, therefore, this
study is important as it seeks to provide a viewpoint for STEAM implementation in
elementary education.
The researcher’s purpose for this multiple case study design in grounded theory
was to explore, understand, and describe K-4 teachers’ perceptions and experiences with
the integration and implementation of a new STEAM program. The researcher chose this
focus because teachers’ comfort levels directly relate to levels of pedagogical contentment
or discontentment (Sowell, et al., 2006). Prior research has shown that these negative,
affective responses cause teachers to avoid teaching topics or to teach those topics
superficially; therefore, feelings of discomfort can decrease teacher efficacy (Nadelson et
al., 2010). The link between teachers’ comfort, motivation to teach, and student learning
in STEAM provides important reason for enhancing teachers’ capacities to teach STEAM
(Nadelson et al., 2012; Watt et al., 2007).
The focus of this research was to explore K-4 elementary teachers’ perceptions of
a newly implemented STEAM program and their abilities to integrate STEAM education
into their classrooms. One broad question drove this research: What is required for
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elementary teachers to effectively implement a STEAM curriculum within their
classrooms? The research also sought to provide answers to these sublevel questions:
1. What are elementary teachers’ understandings of what STEAM education is at
the elementary level?
2. How do K-4 teachers feel about their abilities to teach STEAM education and
do those feelings affect their willingness to integrate it into their classrooms?
3. What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?
The multiple case study approach allowed for a rigorous exploration of STEAM
education, as experienced and described by the participants in the study (Yin, 2009). The
multiple cases, one at each grade level K-4, allowed for a full spectrum perspective of
elementary education. Merriam (2002) described qualitative research as a method used by
researchers to uncover the meanings individuals have constructed about an event, a
situation, or a specific phenomenon. A qualitative study was appropriate because little
information exists surrounding this topic, the variables are unknown, and a relevant theory
basis is inadequate (Yin, 2009). The sample for this study was five K-4 elementary
teachers, purposefully selected from a suburban elementary school in New York.
Data was collected from five, K-4 teachers including lesson plan documents. A
focus group interview allowed the participants to gather and discuss their attitudes and
perceptions freely and allowed the researcher to explore topics as they occurred (Merriam,
2002). The researcher recorded transcription of responses as well as collected fieldnote
data during the focus group interview.
In order to triangulate the interview data, the researcher retrieved data from lesson
observations as well as through examination of lesson plans submitted by participant
teachers. These three data sources were utilized by the researcher to triangulate field notes.
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The researcher conducted an extensive analysis of the data to understand and describe the
meaning of the participants’ perceptions and experiences about STEAM education. This
in-depth process of analysis required the researcher to organize, scrutinize, describe, and
interpret the data.
Interpretations and Conclusions
This research study focused primarily on four research questions. The following
section presents the researcher’s interpretation of the findings and conclusions consistent
with the literature review based on the four research questions along with the theoretical
framework.
Research Question 1
What is required for elementary teachers to effectively implement a STEAM
curriculum within their classrooms?
The first research question focuses on the elementary teachers’ perceptions of what
they require in order to effectively implement the new STEAM program. Based upon the
focus group interview, participant teachers revealed that teachers believe they require
seven essential things in order to effectively implement STEAM: (1) a curriculum template,
(2) a STEAM mentor or coach, (3) more materials, (4) collaboration time with each other,
(5) ongoing discussions with administration and STEAM mentor, (6) access to the STEAM
Lab or classroom, and (7) professional development and ongoing training.
The researcher collected and categorized the responses to this research question
under the following theme: factors that affect STEAM implementation in the classroom.
This was determined through NVivo analysis. The most frequently requested requirements
for quality delivery of STEAM by participant teachers was the need for materials.
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Participants frequently stated that STEAM requires materials and the lack of these
materials and resources would significantly diminish the effectiveness of teachers’
implementation of STEAM. Research identified a number of challenges with integrated
STEAM programs including access to resources, storage space for materials, teacher
attitudes toward STEAM, learning new content, and effective assessment (Laboy-Rush,
2011).
Participants also requested a curriculum template; a template already exists,
however it became clear through use of the focus group interview that this document was
either not understood or not being utilized by the teachers. This is consistent with prior
research which states classroom teachers need help understanding how to teach lessons
because of a lack of background in STEAM subject areas (Berlin & White, 2012). The
California Department of Education (2012) found that mathematics and science in the early
years of education lay the foundation for future STEAM learning, but elementary teachers
are often unprepared to teach students in these areas. More elementary teachers are largely
unprepared and uncomfortable with implementing STEAM in class curricula for teaching
and learning (Cotabish et al., 2011). This finding may be prevented or avoided with more
collaboration and training.
Participant data also highlighted the need for three separate, yet cohesive, ideas
surrounding training and professional growth. Participants stated that having a STEAM
mentor or coach, opportunities to collaborate, as well as further professional development
and ongoing training were essential to the success of this new initiative. Content knowledge
and quality pedagogical practices play an enormous role in the effectiveness of integrated
STEAM teaching (Caprara, et al., 2012). Cotabish, Dailey, Hughes, and Robinson (2011)
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supported this and maintained that in order for teachers to lead effective science instruction,
they must know how to teach science effectively and know how students learn science. The
premise was that when elementary teachers become more knowledgeable of the processes
of science, they are more likely to feel confident in their abilities to teach inquiry-based
science (Brown et al., 2011; Epstein & Miller, 2011; Gecer & Ozell, 2012; Green 2002;
Paulson, 2005). Consequently, Dugger (2010), stated that there are financial challenges
and mandated initiatives at the elementary level which often prevent districts from
acquiring the time or tools to train teachers. This shift in K–12 STE(A)M curriculum from
being organized around specific academic disciplines to an emphasis on themes or big ideas
(NRC, 2011) requires teachers to have more of a system perspective and broad CK. It is
unlikely that without considerable continuing education K–5 teachers can be prepared to
teach effectively STEAM curriculum around themes (NRC, 2007; NSTA, 2002a).
It is evident that these participants have a weak CK and PCK surrounding STEAM.
While there is evidence they understand the concepts, their actions indicate an uncertainty
surrounding implementation. Baumert et al. (2010) found a significant positive effect for
teachers’ CK and PCK on instructional quality and on student progress in science and
mathematics education. Results even showed that PCK had greater predictive power for
student progress and instructional quality than CK. In an effort to build an educator’s CK
and PCK, ongoing training is necessary. Possession of CK is necessary for the presence of
PCK (Kind, 2009, Friedrichsen et. al., 2009).
CK, in this case STEAM, positively influences teachers’ decisions about the
relative importance of particular subject matter and their selection and use of curriculum
materials, that is, their PCK (Grossman, 1990). Participants’ requests for collaboration
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time, “apprenticeship of observation” (Lortie, 1975) or teachers’ cooperation with
colleagues, has been distinguished as another source for PCK (Haston, and Leon-Guerrero,
2008, Kind, 2009). According to Kind (2009), establishment of a supportive working
environment that encourages collaboration may benefit teachers’ PCK development.
Notably, research has found that teachers become more positive and engaged in
teaching after experiencing STEAM education, even if initial perceptions were not positive
(Fulton & Britton, 2011). Teachers’ attitudes seemed to change and positive reactions were
observed due to an improved interaction with fellow teachers and students surrounding
STEAM. The reduction of isolation most teachers experienced through collaboration made
teaching exciting and often re-motivated teachers for the profession (Fulton & Britton,
2011).
Participants overwhelmingly emphasized that professional development would
help. As stated above, PD is essential in helping teachers develop CK and PCK. A widely
accepted framework called Practice-based Professional Development (PBPD; Ball and
Cohen, 1999) describes the shift from traditional PD to authentic opportunities to
participate in purposeful PD while practicing their skills in context. In PBPD, professional
development is teacher-driven, contextualized, and multifaceted; it focuses on teacher
development as they acquire and apply new skills, such as STEAM, in the classroom
(Harris et al., 2012). In general, effective PD programs are participant-driven, sustained
over time, motivating to teachers if they build on existing knowledge, are collaborative,
and are contextualized to the teachers’ classroom (Zeichner, 2003).
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Research Question 2
What are elementary teachers’ understandings of STEAM education is at the
elementary level?
The analysis revealed that participants have a thorough understanding of the
meaning of STEAM. They highlighted that STEAM is the integration of science,
technology, engineering, arts, and mathematics for instruction. Participants all agreed that
it is a practical, engaging, and interactive way of teaching that frequently involves
experimentation. Participants also agreed that lessons should use an inquiry-based model
of learning; students learning through solving real-world problems. This thinking is
consistent with the literature. Hoachlander & Yanofsky (2011) stated the concepts of
STEAM are hands-on, inquiry-based, real-world, and project-based interdisciplinary
programs of study that connect STEAM-related subjects. Contrary to the earlier literature
of Wang (2012), although school administrators and educators are aware of the importance
of STEAM education, many K–12 teachers and educators do not understand what STEAM
education is and the research of Berlin & White (2012) called for tomorrow’s STEAM
education leaders to better understand the interdisciplinary connections of STEAM
subjects and educators’ roles in the classroom. This research finds that teachers are aware
of what STEAM is, and how STEAM should be taught, however there are other obstacles
that appear to be preventing full implementation.
Participants further highlighted that STEAM prepares the students for future
employability. Consistent with the literature, economic projections suggest the United
States will need more than 1 million additional STEAM professionals above the current
graduation rates during the next decade (NRC, 2015). Our ever-changing, ever evolving
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world dictates it is imperative that the traditional way of education should be adjusted to
embrace a system that focuses on equipping students with critical thinking skills,
independent problem-solving skills, and creativity. STEAM education has been evolving
from a convenient clustering of four overlapping disciplines toward a more cohesive
knowledge base and skill set critical for the economy of the 21st century (U.S. DOE, 2018).
The literature highlights the need for hands-on, inquiry-based, real-world, and
project-based STEAM programs that introduces an interdisciplinary program of study
connecting STEAM-related subjects (Nathan et al., 2010) and a transdisciplinary, problemsolving, innovative, inventive, self-reliant, logical-thinking, and technologically-literate
system of learning (Lantz, 2009). According to these standards, teachers should provide
students with opportunities to explore passionate interests toward learning in a
collaborative environment.
STEAM encourages collaboration amongst the students as students are often
grouped into teams to handle tasks during STEAM activities. Also, STEAM increases the
level of academic excellence of the students; this is mainly because they learn in a “handson”, interactive, and fun way. Consistent with the literature (Lantz, 2009; Nathan et al.,
2010), the most frequent terms participants used to describe STEAM were: project-based,
hands-on activities, designing and constructing projects, and interactive lessons and
content. For example, participating teacher Kristie described STEAM as a hands-on,
technology approach where students work on projects. Lori believed that STEAM was
more than just science and should include hands-on activities which allow students to
develop, design, and solve problems. In using STEAM at the elementary level, Victoria
stated that she wishes she could have her students participate in lessons with manipulatives,
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technology, and science projects “every day.” As evidenced by their responses, teachers
seem to understand best practices for STEAM education conceptually.
Despite this conceptual understanding based on the data analysis, the researcher
drew the conclusion that teachers’ perceptions of implementing STEAM education in the
K-4 setting were based solely on their individual experiences – with no collaborative
practices or ongoing PD – with teaching STEAM classes. The lack of STEAM training and
experience for teachers may help to explain why teachers’ perceptions of STEAM
education were limited. The literature review supported these findings (Gecer & Ozel,
2012; Haachlander & Yanofsky, 2011; Howell & Costly, 2006; Wang, 2012). In a survey
of 172 teachers, administrators, and teaching graduate assistants by Illinois State University
it was revealed that fewer than half of secondary school teachers participating in STEAM
programs understand the STEAM concept and how STEAM is applied to the classroom
(Honey, et al., 2014).
Research Question 3
How do K-4 teachers feel about their abilities to teach STEAM education and how
do those feelings affect their willingness to integrate it into their classrooms?
The third research question explores K-4 teachers’ feelings about their abilities to
engage in STEAM instruction and their willingness to integrate STEAM in their
classrooms. The results depict that participants felt ineffectual and unsure about integrating
STEAM into their classrooms. The researcher categorized the results connected with this
research question under two themes in the NVivo analysis: K-4 teacher abilities and
challenges of STEAM implementation.
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All participants highlighted that they experience difficulty in implementing all the
aspects of STEAM and the majority of participants experience difficulty in implementing
the engineering and technology elements of STEAM. Participants reported and data shows
that teachers are most comfortable implementing mathematics. This is followed by art and
science. The data revealed that participant teachers were least comfortable with technology
and engineering. Teachers additionally expressed difficulty with incorporating multiple
elements of STEAM within a single lesson. Lesson observations and lesson plan review
confirmed that lessons would typically only utilize one or two domains within STEAM. Of
the ten lessons observed, all fell solidly in the science domain, only four lessons included
math, and only two lessons incorporated technology.
Participants also highlighted that they lack understanding as to how to effectively
cover all aspects of STEAM within the stipulated time. The belief is that the curriculum
will help them overcome this delivery challenge. Participants also reiterated that having a
STEAM mentor would aid the quality of delivery of STEAM by the teachers. Participants
further agreed that STEAM teachers must have opportunities to collaborate and share
knowledge on how to effectively conduct lessons. Participants highlighted that access to
the STEAM lab is a key component required for the successful implementation, suggesting
that more opportunities to go to the STEAM Lab classroom would be beneficial. Finally,
participants highlighted that professional development on how to synthesize STEAM is
needed for its successful implementation.
This researcher’s findings were consistent with the literature reviewed. Ledbetter
(2012) suggested that high-quality teachers are the key to students achieving STEAM
literacy success. The findings of this study are consistent with previous research that
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discovered that teachers are more effective when teaching content with which they feel
familiar and comfortable (Brown et al., 2011; Haachlander & Yanofsky, 2011; Howell &
Costly, 2006; Stansbury, 2011). The researcher also aligned these findings with Bandura’s
(1997) theory, which stated that individuals who possess a strong sense of self-efficacy are
better able to succeed in their efforts and are happier when attempting new projects.
There are multiple factors that may be influencing the lack of self-efficacy among
teachers. In most school districts across the United States, an absence of opportunity and
incentive exists for teachers to become proficient or confident in STEAM curricula (Brown
et al., 2011). The National Research Center (2011) stated that two-thirds of educators in
K–12 schools are not adequately prepared or confident enough to prepare students to move
forward in secondary STEM fields, despite frequent calls to encourage students to engage
in STEM education to fit the need for STEM professions (Balmer, 2006; Breiner et al.,
2012; Lacey & Wright, 2009; NRC, 2011). Particularly, at the elementary level, teaching
STEAM requires a different knowledge and skill base than the majority of teachers have
(Epstein & Miller, 2011). The research and the findings of this study indicate there is a
great need for education among elementary teachers with respect to STEAM. School
districts, colleges, and universities should provide both pre-service and working
elementary teachers with content and positive teaching experiences that will improve their
interests, attitudes, and self-efficacies toward STEAM teaching (Balmer, 2006; Brown et
al., 2011; Caraway, 2003, Nadelson et al., 2012; Stansbury, 2011; Wang, 2012).
Research Question 4
What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?

93
With research question 4, the researcher focused on teachers’ perceptions with the
implementation and integration of STEAM in elementary (K-4) classrooms. The researcher
included the results under the theme of challenges of STEAM implementation, which
included inadequate time for implementation, the need for more resources, language
diversity issues, and excessive pressure to perform on behalf of participants. In support of
these obstacles, time was a key factor reported by Gecer and Ozel’s (2012) study, which
identified problems teachers faced during the implementation of the STEAM instructional
process. Nearly 66% of the teachers interviewed in that study stated that they did not have
adequate time for STEAM activities.
Participants again highlighted the necessity for more resources, however through
the focus group interview it became apparent that each participant is doing her best to
implement this new STEAM initiative. The lack of resources, however, left them feeling
unprepared. Victoria stated: “Sometimes I am not sure where to begin with a topic, or I am
not sure what resources to use for teaching certain topics.” Another concern of Victoria’s
was the English Language Learner (ELL) component of her classroom, Victoria expressed
difficulty with implementing STEAM with the ELL population in her bilingual classroom.
Victoria stated, “It is particularly important for me to try to incorporate any or all aspects
of the acronym into my daily teaching practices because of the learners in my classroom
and the gaps within their education.”
The subtheme of excessive pressure to perform can be attributed to participants’
overall lack of comfort with respect to STEAM; this directly relates to the needs expressed
through the first research question in regard to more training and experience with STEAM.
Ruggirello & Balcerzak (2013) supported the idea that math and science teachers must be
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exposed to the concept of the application of the subjects in order to create lessons that teach
the math and science standards embedded within authentic STEAM problems. Once the
teacher understands the content, he or she must then use the pedagogical skills required to
plan and enact a comprehensive unit, organized around the STEAM problem (Ruggirello
& Balcerzak, 2013).
The need for targeted training is also consistent with the literature, which suggests
that teachers who are comfortable with the subjects they teach demonstrate more
effectiveness in the classroom (Epstein & Miller, 2011; Gecer & Ozell, 2012; Green, 2002).
Berlin and White (2012) and Wang (2012) agreed that training and preparation in STEAM
for elementary science teachers will advance science education by promoting science
inquiry, project-based, and hands-on learning. STEAM education leaders must better
understand the interdisciplinary connections between STEAM subjects and the educators’
roles in the classroom (Berlin & White, 2012; Dugger, 2010; Sanders, 2009). When
establishing or evaluating a STEAM program, the researcher found that consideration for
the elements, implementation, and the requirements to implement and teach STEAM
effectively were important (Nadelson et al., 2012).
Vann (2013) expressed that teachers are a critical key to preparing students for the
future workforce. For this reason, teachers need practical experience with STEAM in the
form of real-world, hands-on experience, so they can better ignite the passion in students
and help them develop the skills they need for the industrial jobs of today and the hightech manufacturing jobs of tomorrow. Vann (2013) also noted that many school systems
are strapped for educational funds and find educating youth in an ever-changing
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environment challenging. For these reasons, it is essential for students to engage in ongoing
education and real hands-on experiences in order to understand STEAM application.
A Grounded Theory of Teaching STEAM
The opinions expressed by the participant teachers reflect personal needs related to
STEAM instruction. Participant needs ranged in frequency as depicted in Table 5 and were
grouped into five themes: (1) meaning of STEAM, (2) importance of STEAM, (3) K-4
Teacher STEAM abilities, (4) factors that affect STEAM implementation in the classroom,
and (4) challenges of STEAM implementation. The theory presented here was developed
and is consistent with the principles of grounded theory research. Grounded Theory is an
approach for developing theory that is “grounded in data systematically gathered and
analyzed” (Strauss & Corbin, 1994).
Teachers love to teach. Teaching is a vocation where the real purpose is not merely
to transmit information, but to transform people, to help students learn how to use that
information as a source and means of self-discovery, self-development, selftransformation, and to improve the world in which they live. In this regard, education is
about moral development and character, growth of individuals, and not just preparing
students for the real world.
Teachers reflect on their teaching. Participants reflected on their understanding of
STEAM and its implications for not only themselves, but for their students and the world
that lies before them. Participants expressed being unsure that what they were doing in
their classrooms met the requirements and expectations of the STEAM initiative.
Participants expressed the need for more assistance in terms of materials, training, and
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support. Participants gain an increased awareness of how the STEAM initiative affects
them and of what it means for their teaching.
The web of categories, interactions, and relationships described above forms the
theory of the STEAM teaching experience as perceived by teachers. The theory presented
above in narrative form reflects the findings from the study. The constructs and
relationships are grounded in data collected from lesson observations, lesson plan review,
and a focus group interview conducted with teachers during their first year of STEAM
implementation. Although the relatively large number of constructs may seem to lead to
an overly complex theory, the diagrammatic representation (Figure 4) should help visualize
the constructs and their respective relationships.
Figure 4
Grounded Theory

A good theory is one that organizes the concepts in a theoretical model, allows for
prediction of future events, explains past events, offers a sense of understanding about the
events and causal processes, and has potential for controlling the events (Reynolds, 1971).
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A theory can be expressed as a set of descriptions of causal processes. The statements in
the model are presented as a causal process. Causal laws, or statements, state how certain
values of the variables in the model are connected (Stinchcombe, 1968).
The theory proposed in this research suggests that teachers have a thorough
understanding of the meaning and importance of STEAM instruction, however this
initiative is affected by several constructs: a need for support, materials, and training.
Although tentative, the theoretical model is a valid theory. It does offer an explanation of
the phenomenon of interest and it has predictive power. All of the required components
described by Dubin (1978) are present in the theoretical model discussed in this theory. In
Dubin’s view, units have properties and variables (Dubin, 1978). These are equivalent to
categories, properties, and dimensions in grounded theory.
The grounded theory presented in this study is a substantive one, applicable to a
specific are of interest: implementing a STEAM program in a K-4 elementary school. This
sets the boundaries where the theory is expected to hold true. In conclusion, the grounded
theory developed in this study, and presented through this research, is consistent with
Dubin’s views (Dubin, 1978). It meets the requirements for a causal theory, set by
Stinchcombe (1968) and Reynolds (1971). While substantive in nature, it is applicable to
the phenomenon studied – implementing a STEAM program in a K-4 elementary school.
The theory can be tested further in subsequent studies.
Implications
Traditionally, in the U.S., K–12 STEAM education has focused on the individual
subjects, particularly science and mathematics. Reform efforts, including development of
new learning standards and high stakes assessments, similarly have treated the STEAM
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subjects mostly in isolation (Honey, et al., 2014). The relatively recent introduction of
engineering education into K–12 classrooms and the 2013 publication of the Next
Generation Science Standards, which explicitly connect science concepts and practices to
those of engineering, have elevated the idea of integration as a potential component of
STEAM education (Honey, et al., 2014).
Over the past 25 years, STEAM education in the US has been evolving from a
convenient clustering of overlapping disciplines toward a more cohesive knowledge base
and skill set critical for the economy of the 21st century (DOE, 2018). The NSTC (2018)
further illustrates the need for STEAM education for all:
Even for those not headed for higher education, STEAM skills are
increasingly important for all career paths and for all people to succeed
throughout their lives. STEAM skills such as computational thinking,
problem-finding and solving, and innovation are crucial for people working
to manufacture smarter products, improve healthcare, and safeguard the
Nation, and these skills are valuable assets across many other fields and job
categories. The success of the Nation demands a STEAM-literate modern
workforce and Americans adept at navigating an increasingly high-tech,
digital, and connected world (NSTC, 2018).
Since 2000, the number of degrees awarded in STEM fields has increased, but labor
shortages persist in certain fields requiring STEM degrees, such as computer science, data
science, electrical engineering, and software development (DOE, 2018). If teachers are
attempting to make all students ‘college and career ready’ and for the U.S. to attempt to
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stay economically competitive in a global and technological age, there is an overwhelming
need for STEAM education.
In the United States, best practice is generally justified by standards-based
educational trends, however current STE(A)M standards may be inappropriate as they are
relatively vague in their attention to both content and instructional method (Breiner et al.,
2012; National Science and Technology Council, 2013; NRC, 2012; Tsupros et al., 2009).
Since 2013, the United States has seen limited success with STE(A)M models at attracting
diverse populations of today’s younger learners, thus an effort to broaden how we think
about STE(A)M by incorporating the arts and humanities (the A in STEAM) is seen as a
problem-solving approach (Herro, et al., 2018). Since the roll out of the NGSS (2013) and
adoption of the standards framework by New York State (2017), schools now have
alignments of standards. Prior to that, no standards were aligned with STEAM education;
only those in subject areas of science, technology literacy, and mathematics existed
separately (ISTE, 2008; National Science and Technology Council, 2013). Research had
suggested that soliciting teacher input about these standards can help improve the
subsequent efficacy of the programs (Brown et al., 2011; Nadelson et al., 2012; Stansbury,
2011). Teacher input was utilized in the development of the NGSS, and in New York State,
schools have until the 2021 school year to implement these new standards of STEAM
instruction. In order to maintain the positive benefits and a strong understanding of
STEAM principles, it is essential that clear objectives and outcomes are created for
STEAM education and that teachers are adequately prepared to fulfill these requirements
(National Science and Technology Council, 2013; Tsupros et al., 2009).
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The teacher participants in this study expressed the need for more guidance and
leadership in order for them to be able to increase their levels of competency and
confidence, both of which are important attributes in STEAM implementation. For students
to succeed in STEAM programs, they will need competent teachers who know how to
create a culture for STEAM learning. Therefore, it is imperative that school leadership
secure STEAM training, professional development, and hands-on learning opportunities
for teachers.
Implications for Leadership
This research seeks to highlight for leadership the importance of resources,
guidance, and support during the adoption of new learning initiatives. Great teachers are
important to create great schools. Great schools need powerful learning cultures. Until
teachers have the support and leadership they need, this is not possible (Stansbury, 2011).
In order to succeed, students need educators who know how to create schools that look like
the organizations where they will work in the future (Fulton & Britton, 2011).
Effective leadership and guidance are key components of any STEAM program
because school leaders are positioned to influence school policies and practices, student
achievement, as well as the teaching profession (Cunningham & Cordeiro, 2006;
Stansbury, 2012). In order to promote this type of change, leaders must be able to work
productively and collaboratively to achieve the desired STEAM outcomes (Stansbury,
2012). School leaders must understand that teachers may possess a strong PK through
experience of five or more years, however maintaining a strong CK and PCK with
curriculum changes, the addition of STEAM in particular, it is imperative that they provide
opportunities for teachers to expand their craft and understanding. School leaders might
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be able to utilize the school’s available resources for STEAM and use these resources to
realize the vision of STEAM programs (Cunningham & Cordeiro, 2006; Stansbury, 2012),
or they may need to expand and explore new opportunities to meet the individual needs of
their districts.
Limitations
As with all research, there will be some limitations. Certain limitations may exist
due to this researcher’s limited experience with qualitative research. In an attempt to
alleviate this effect, the researcher extensively studied theoretical research through constant
review of methodological concepts and study of published works: Creswell (2012), Yin,
(2010), Merriam, (2002), Strauss and Corbin (1998), Glaser and Strauss (1967). This study
took place in a small school district in New York, and results cannot be generalized to the
full population because of the potential regional biases of the schools and specific cultural
contexts. Additionally, the teachers’ perspectives may vary widely due to educational
backgrounds, program designs, and levels of experience. Because the perceptions and
experiences of the 5 participants may not be representative of the experiences of all teachers
and further other teachers from other schools, further research would be needed to verify
these results.
The researcher chose the qualitative method in order to solicit broad themes due to
the experimental nature of the study (Creswell, 2012). However, due to this method, the
study cannot isolate specific connections – it can only identify general themes (Creswell,
2012). Correlation using a future quantitative study could potentially be an important
development that could further affect and clarify the results of this research. In adhering to
grounded theory practices, this research is limited in scope due to the small number of
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participants and cases presented along with the data which they provided. Grounded theory
often requires a significant number of interviews, as well as the comprehensive use of
memoing, although this research was conducted according to plan, these areas might also
be expanded upon in future research.
Due to the nature of the focus group interview process, results may have been
biased according to the interviewer’s personality or physical characteristics. Measures,
such as field notes, transcription of interview sessions, and bracketing, were undertaken in
an attempt to remove such bias. However, additional, unanticipated factors may have
influenced the responses of the participants or the analysis of the themes.
Recommendations for Future Research
Based upon the findings in the study, the key recommendations are twofold:
(a) recommendations for leadership research for administration and STEAM leaders, and
(b) recommendations for further study of elementary STEAM. School administrators and
the STEAM teachers will be informed of the outcome of this study. While this study
primarily focused on teachers’ perceptions of STEAM education, other individuals in
STEAM elementary positions and state administrative offices are positioned to exert a
strong influence on promoting students’ future interest in STEAM. The researcher
recommends a study of leaderships’ perceptions of STEAM in K-4, the current status of
STEAM within schools, how best to integrate STEAM into schools, and what leaders
believe needs to be done for the overall success of this nationwide initiative.
As for recommendations for future research of elementary STEAM, the researcher
recommends that this study be replicated in the same location after the appropriate
implementation of STEAM professional development and teachers have had an
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opportunity to become more versed in best practices surrounding STEAM instruction.
Survey instruments or interview questions should then be designed to assess changes in
teachers’ perceptions as a possible result of STEAM training. To clarify the findings of this
study, the researcher would recommend multiple qualitative studies from varying regions
throughout the country. Subsequently, a metadata analysis could be conducted that would
verify the results by using teachers across the nation as samples. These studies would
provide a larger perspective from elementary teachers with varying experiences and
knowledge of teaching and integrating STEAM in the elementary classroom, and they
could be used as guidelines for crafting teacher training for STEAM education.
Meanwhile, districts across New York State and the nation are currently developing
or are in the early stages of enacting programs that might be suited toward the needs of
their districts and students. The results of this type of research could be used in constructing
these programs. Implementing this kind of input from teachers has been determined
essential for empowering teachers (Epstein & Miller, 2011; Harris et al., 2008) and could
significantly improve STEAM outcomes. The effectiveness of these programs could be
measured by developing standards for STEAM education and assessment of STEAM skills
based on the literature associated with the changing views of necessary outcomes of
STEAM education (Sanders, 2012). These results could be subsequently taken into account
as best practices for teaching STEAM over time.
Future research into the area of K-4 STEAM education is suggested due to the
essential nature of the elementary years in developing STEAM literacy. Currently little
empirical data exists to guide effective instructional practices, and even less is known about
the challenges associated with instruction (Herro, et al., 2018). As shown through this
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research, various themes developed from the interviews which could have value for
determining how to successfully implement STEAM education programs. Additionally,
these connections could assist in determining conditions which foster teachers’ comfort
with STEAM programs, as this has been demonstrated to have significant influence on the
efficacy of programs (Epstein & Miller, 2011; Gecer & Ozell, 2012; Hoachlander &
Yanofsky, 2011; Howell & Costly, 2006).
Future research should also consider the specific way in which schools, districts,
and states are implementing the NGSS or its framework, specifically whether teachers feel
adequately comfortable with and prepared for these changes (Cunningham & Cordeiro,
2006; Shaughnessy, 2012). Examples of research could include self-reporting surveys
filled out by teachers, students, and administrators, and the correlation among their
responses. It would also be recommended that STEAM content be flexible, open to
revisions over time, this based on teacher feedback through this research.
Conclusion
In summary, the findings of this research have suggested that teachers have had
different perceptions of STEAM throughout the implementation of the STEAM initiative.
It is apparent that teachers lack experience (PCK) as well as confidence in in their
knowledge and abilities to effectively integrate STEAM (CK). Teachers have reported a
need for hands-on training and professional development, more time during the day for
planning and implementing of STEAM, and better support from leadership. Further
training and leadership would provide comfort and knowledge about STEAM principles
that can empower teachers and improve efficacy (Cunningham & Cordeiro, 2006; Epstein
& Miller, 2011; Harris et al., 2008). Although school administrators and educators are
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aware of the importance of STEAM education, they do not always fully understand what
STEAM education entails (Wang, 2012).
The integration of STEAM at the elementary level has the potential to affect
education in a positive and innovative way. Through exposure, K-4 teachers have modified
their ways of thinking about teaching STEAM. This multiple case study design provided
firsthand evidence that STEAM integration is a complex process for elementary teachers.
These educators are currently in the formative stages of learning to implement STEAM in
a manner that encourages student learning and exploration. Each of the 5 teachers in the
study perceived STEAM education to mean something different, but overall, they had a
solid understanding of what it requires. Unfortunately, these teachers felt ineffective as
educators of STEAM content. The findings of this study support the idea that some level
of professional development and training is needed if the newly-developed STEAM
program is to be sustainable for teachers to implement. The researcher recommends that
future research focus on the process of teaching STEAM and the process that teachers go
through while engaging in active, ongoing professional development.
Further research surrounding the various themes developed throughout this study
could hold value for determining how to successfully implement a STEAM program. This
research may have significant influence on the efficacy of programs and could determine
conditions which foster teachers’ comfort with these types of programs (Epstein & Miller,
2011; Gecer & Ozell, 2012; Haachlander & Yanofsky, 2011; Howell & Costly, 2006).
Research on teachers’ perceptions of STEAM across the nation may provide valuable
information that could be used to assess the performance and sustainability of such
programs. Future studies may provide a larger perspective from elementary teachers with
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varying experiences, PK, CK and PCK with respect to integrating STEAM in the
classroom, and could be used as guidelines for crafting a teacher-training program for
STEAM education as well as the potential need for higher education programs that might
better prepare teachers for instructing STEAM.
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Appendix A - Request for Permission to Conduct Research
From: DellaSperanza, Jonathan JDellaSperanza@hbschools.us
Subject: Request to conduct a study at Hampton Bays Elementary School
Date: April3,2019at9:47AM
To: Sullivan, Denise dsullivan@hbschools.us

Dear Mrs. Sullivan,
RE: Request to conduct a study at Hampton Bays Elementary School
As per our discussion, I am currently working on my dissertation at St. John’s University. My dissertation
topic is on the newly created STEAM Lab and curriculum initiative taking place at Hampton Bays
Elementary School.
My working title is: Implementing S.T.E.A.M. : One Schools Journey Toward Implementation
Through the use of a multiple case study design, as researcher I will be seeking to examine teachers
perceptions surrounding the relationships between leadership, curriculum and instruction. Pending district
approval, it is my intent to survey teachers through anonymous online surveys as well as to hold
a culminating focus group session in which teachers can reflect on their first year of implementation with
the newly created science curriculum.
Abstract:
The purpose of this research is to describe and document the process of creating and implementing a
STEAM curriculum and program at a first through fourth grade elementary school. Throughout this process
elementary teachers’ beliefs and perceptions of effective science instruction will be analyzed to determine
how teachers interpret and implement this new science initiative. The goal of this investigation will be to
gain a deeper understanding of teacher attitudes, beliefs and mental models surrounding science instruction
as well as their comfortability with implementing the new Next Generation Science Standards (NGSS).
These mental models consist of conceptions of science subject matter, and barriers related to teaching and
learning. The sample for this research will be 5, kindergarten through fourth grade teachers who taught in a
title 1 funded suburban school located in suburban, New York. The researcher will utilize a combination of
survey data as well as a culminating focus group to gather teacher perspectives and ascertain the
effectiveness of the STEAM initiative and curriculum roll out. This study is significant to understanding
the challenges and experiences teachers face in integrating and implementing new curriculum, in particular
the newly adopted Next Generation Science (NGSS) curriculum in an elementary school setting. The
findings of the study seek to assist educators in the development a of K– 4 NGSS aligned curriculum and
help guide the development of a STEM/STEAM program in order to improve student learning and
academic performance.
Thank you for your time.
Sincerely,
Jonathan DellaSperanza
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Appendix B - Approval from District to Conduct Research

From: Sullivan, Denise dsullivan@hbschools.us
Subject: Re: Request to conduct a study at Hampton Bays Elementary School
Date: April9,2019at2:18PM
To: DellaSperanza, Jonathan jdellasperanza@hbschools.us
Dear Jonathan,
Please consider this email confirmation that you have district authorization to conduct your research in HBES. I spoke with
Lars and he is in agreement.
Good luck.
Denise Lindsay Sullivan
Assistant Superintendent
Office of Curriculum and Instruction Hampton Bays Schools (631)723-2100 Ext 5104
Confidentiality Notice: The information contained in this email message may be privileged and/or confidential. Distribution of the
material contained in this email message may violate the Family Educational Rights and Privacy Act, the Freedom of Information
Law, the Health Insurance Portability and Accountability Act of 1996, and/or other applicable state or federal law. If the reader of this
message is not the intended recipient, you are hereby notified that you have received this message and any attached documents in
error, and that any review, dissemination, distribution, or copying of the message and documents is strictly prohibited. If you have
received this message in error, please notify the sender immediately and delete the message and any accompanying documents.

109

Appendix C - Consent and Release Form

Division of Administrative
& Instructional Leadership
The School of Education
8000 Utopia Parkway
Sullivan Hall Room 507
Queens, NY 11439
Tel (718) 990-1469
Consent and Release Form
Background: You have been invited to take part in a research study to learn more about implementing
Science, Technology, Engineering, Arts, and Mathematics (STEAM) curriculum and program. This study
will be conducted by Jonathan DellaSperanza, as part of his doctoral dissertation. His faculty sponsor is
Barbara Cozza, Saint John’s University, School of Education, Department of Administrative and
Instructional Leadership.
Procedures: If you agree to be in this study, you will be asked to submit a STEAM lesson plan, allow for
Jonathan DellaSperanza to observe you teach a STEAM lesson and participate in a focus group interview.
Risks and Benefits: There are no known risks associated with your participation in this research beyond
those of everyday life. Although you will receive no direct benefits, this research may help the investigator
better understand the process teachers go through with the implementation of this new STEAM program.
Confidentiality: Confidentiality of your research records will be strictly maintained by keeping consent
forms separate from data, using a coding system to ensure anonymity, and storing all raw data in a locked
cabinet off site from the study.
Participation: Participation in this study is voluntary. You may refuse to participate or withdraw at any
time without penalty.
Questions and Contacts: If there is anything about the study or your participation that is unclear or that
you do not understand, if you have questions or wish to report a research-related problem, you may contact
the faculty sponsor, Barbara Cozza at Sullivan Hall Queens
718-990-1469, cozzab@stjohns.edu, Saint John’s University, School of Education, Sullivan Hall, 8000
Utopia Parkway, Queens, NY 11439. For questions about your rights as a research participant, you may
contact the Human Subjects Review Board, St. John’s University. You can contact Dr. Marie Nitopi, the
Board Coordinator, at nitopim@stjohns.edu or by phone at 718-990-1440; or you can contact the
Chairperson of the Board, Dr. Raymond DiGiuseppe at digiuser@stjohns.edu .

________________________________________
Signature of Participant
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Appendix D - Focus Group Interview Question Guide
The purpose of this qualitative multiple case study was to explore, understand, and
describe K-4 teachers’ perceptions and experiences with integrating and implementing a
new STEAM initiative. Your involvement is requested in the form of a focus group
interview. The interview will take approximately 40 minutes, during the regular
scheduled day. The researcher asks for open and honest feelings about the STEAM
phenomenon under study. No answer is right or wrong. The researcher will be
transcribing your responses to capture the accuracy of your responses to the open-ended
questions. During the interview, the researcher will restate or summarize information
given and question to determine accuracy. This allows you to analyze the information and
comment. You may affirm or deny that the summaries accurately reflect your views,
feelings, and experiences.
Demographic Characteristic Questions (asked of each participant)
1. What is your level of teacher education?
2. How many years have you been teaching?
3. What is the current grade level you teach?
4. How many years have you taught at this level and subject area?
5. Gender
Open-ended Questions
1. The acronym STEAM stands for Science, Technology, Engineering, Art and
Mathematics. Based on your experience, knowledge, and training, how do you describe
STEAM education in elementary K–5?
2. What importance, if any, does STEAM have in the elementary classroom?
3. Based on your experience, how do you envision what a STEAM education for
elementary grades curriculum should look like?
4. How would you describe your level of comfort with teaching STEAM in K-4?
5. In what way does your level of knowledge and comfort for teaching K-4 STEAM
influence your willingness to integrate it in your lessons?
6. What kind of preparation for teachers would help you integrate STEAM into your
curriculum?
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7. In your opinion, what are the challenges and obstacles teachers may experience while
teaching K-4 STEAM?
8. What would better help you understand the concepts of STEM, and the implementation
of K-4 STEAM in the classroom?
9. Is there anything that you feel is important to add?

112
REFERENCES
Abell, S. K. (2008). Twenty years later: Does pedagogical content knowledge remain a
useful idea? International Journal of Science Education, 30, 1405-1416.
Abrams, E., Southerland, S. A., & Evans, C. (2008). Integrating inquiry in the classroom:
Identifying necessary components of a useful definition. In E. A. Abrams, S. A.
Southerland & P. Silva (Eds.), Integrating inquiry in the classroom: Realities and
opportunities. Hartford, CT: Age of Information Press.
Anft, M. (2013). The STEM crisis: Reality or myth? The Chronicle of Higher Education,
Retrieved from http://search.proquest.com/docview/1458614791?accountid=458
Atkinson, R. D. (2012). Why the current education reform strategy won’t work. Issues in
Science and Technology, 28(3), 29–36. Retrieved from
http://www.issues.org/28.3/atkinson.html
Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What
makes it special? Journal of Teacher Education, 59(5), 389-407.
Balmer, R. T. (2006). Converging technologies in higher education: Paradigm for the
new liberal arts? Annals of the New York Academy of Sciences, 109, 374–383.
doi:10.1196/annals.1382.005
Banks, James A. (1998). The Lives and Values of Researchers: Implications for
Educating Citizens in a Multicultural Society. Educational Researcher 27(7): 4–
17.
Baumert, J. , Kunter M., Blum W. et al.(2010), “Teachers’ mathematical knowledge,
cognitive activation in the classroom, and student progress,” American

113
Educational Research Journal, vol. 47, no. 1, pp. 133–180.
Bayer Corporation. (2016). Planting the seeds for a diverse U.S. STEM pipeline: A
compendium of best practice K-12 STEM education programs. Bayer
Corporation.
Becker, K. & Park, K. (2011). Effects of integrative approaches among science,
technology, engineering, and mathematics (STEM) subjects on students’ learning:
A preliminary meta-analysis. Journal of STEM Education: Innovations and
Research, 12(5), 23–37.
Bequette, J. W. & Bequette, M. B. (2012). A place for ART and DESIGN education in
the STEM conversation. Art Education, 65(2), 40-47. Retrieved from
http://search.proquest.com/docview/935210962?accountid=458
Berlin, D. F. & White, A. L. (2012). A longitudinal look at attitudes and perceptions
related to the integration of mathematics, science, and technology education.
School Science and Mathematics, 112(1), 20–30.
Berlinger, D. C. (1986). Expertise: The wonder of exemplary performances. In J.N.
Mangieri & C. Collins-Block (Eds.) Creating powerful thinking in teachers and
students: Diverse perspectives (pp. 161-186). Fort Worth: Harcourt.
Berlinger, D. C. (2000). A personal response to those who bash teacher education.
Journal of Teacher Education, 51, 358-371.
Bogdan, R. C. & Biklen, S. K. (2007). Qualitative research in education: An introduction
to theory and methods (5th ed.). Needham Heights, MA: Allyn & Bacon.
Bosse, S., G. Jacobs, & T. L. Anderson. (2009). Science in the air. Young Children, 64
(6), 10–15.

114
Breiner, J. M., Johnson, C. C., Harkness, S. & Koehler, C. M. (2012). What Is STEM? A
discussion about conceptions of STEM in education and partnerships. School
Science & Mathematics, 112(1), 3–11.
Brown, R., Brown, J., Reardon, K. & Merrill, C. (2011). Understanding STEM: Current
perceptions. Technology and Engineering Teacher, 70(6), 5–9.
doi:10.1136/bjsports-2011-090606.55
Bursal, M. & Paznokas, L. (2006). Mathematics anxiety and pre-service elementary
teachers’ confidence to teach mathematics and science. School Science and
Mathematics, 106(4), 173. doi:10.1111/j.1949-8594.2006.tb18073
Bybee, R. W. (2010). Advancing STEM education: A 2020 vision. Technology &
Engineering Teacher, 70(1), 30–35. Retrieved from http://opas.ous.edu/Work
2009-2011/InClass/ Bybee-Integrated%20STEM%20Plan.pdf
California Department of Education (2012). Science, technology, engineering &
mathematics (STEM) information. Retrieved from
http://www.cde.ca.gov/pd/ca/sc/stemintrod.asp
Chesky, N. Z., & Wolfmeyer, M. R. (2015). Philosophy of STEM education. A critical
investigation (1st ed.). New York: Palgrave Macmillan
Cantrell, P., Pekcan, G., Itani, A. & Velasquez-Bryant, N. (2005, October). Using
engineering design curriculum to close science achievement gaps for middle
school students. Paper presented at the Frontiers in Education, Indianapolis, IN.
Caprara, G., Barbaranelli, C., Steca, P., & Malone, P. (2006). Teachers’ self-efficacy
beliefs as determinants of job satisfaction and students’ academic achievement: A
study at the school level. Journal of School Psychology, 44, 473–490.

115
Charette, R. N. (2013). The STEM crisis is a myth. IEEE Spectrum. Retrieved from
http://spectrum.ieee.org/at-work/education/the-stem-crisis-is-a-myth
Christensen, L. B., Johnson, R. B. & Turner, L. A. (2011). Research methods, design,
and analysis (11th ed.). Boston, MA: Allyn & Bacon.
Clark, B. & Button, C. (2011). Sustainability trandisciplinary education model: Interface
of arts, science, and community (STEM). International Journal of Sustainability
in Higher Education, 12(1), 41–54. doi:10.1108/14676371111098294
Cohen, L., Manion, L & Morrison, K. (2007). Research methods in education (6th ed.).
London: Routledge Falmer.
Cotabish, A., Dailey, D., Hughes, G. D. & Robinson, A. (2011). The effects of a STEM
professional development intervention on elementary teachers’ science process
skills. Research in the Schools, 18(2), 16–25. doi:10.1111/ssm.12023
Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five
approaches (2nd ed.). Thousand Oaks, CA: Sage.
Creswell, J. W. & Miller, D. L. (2000). Determining validity in qualitative inquiry.
Theory into Practice, 39(3), 124.
Cunningham, W. G. & Cordeiro, P. A. (2006). Educational leadership: A problem-based
approach (3rd ed.). New York: Allyn & Bacon.
DeJarnette, N. K. (2012). America’s children: Providing early exposure to STEM
(science, technology, engineering and math) initiatives. Education, 133(1), 77–84.
Denzin, N. K., & Lincoln, Y. S. (2000). Handbook of Qualitative Research. Thousand
Oaks, CA: Sage Publications.

116
Department of Defense (DOD) (2012). Science, technology, engineering and
mathematics. STEM Education and Outreach Strategic Plan, 2013–2014.
Retrieved from:
https://content.dodea.edu/VS/area_district_leadership_meeting/docs/initiatives/Do
D%20STEM%20Strategic%20Plan-Final-19%20Sept%202012.pdf
Dillivan, K. D. & Dillivan, M. N. (2014). Student interest in STEM disciplines: Results
from a summer day camp. Journal of Extension, 52(1), Article 1RIB5. Retrieved
from http://www.joe.org/joe/2014february/rb5.php
Dorph, R., Shields, P., Tiffany-Morales, J., Harty, A. & McCaffrey, T. (2011). High
hopes-few opportunities: The status of elementary science education in
California. Sacramento, CA: The Center for the Future of Teaching and Learning
at WestEd.
Dugger, W. (2012, July). STEM: Some basic definitions. International Technology and
Engineering Educators Association. Retrieved from
http://www.iteea.org/Resources/PressRoom/ STEMDefinition.pdf
Dugger, W. E. (2010). Evolution of STEM in the United States. Retrieved from
www.iteea.org/Resources/Press Room/AustraliaPaper.pdf
Dwyer, Sonia C. and Jennifer L. Buckle. 2009. “The Space Between: On Being an
Insider-Outsider in Qualitative Research.” International Journal of Qualitative
Methods 8:54–63.

117
Epstein, D. & Miller, R. T. (2011). Slow off the mark: Elementary school teachers and
the crisis in science, technology, engineering, and math education. Center for
American Progress, 77(1), 4–10. Retrieved from
http://nstahosted.org/pdfs/SlowOffTheMark.pdf
Friedrichsen, P. J., Abell, S. K., Pareja, E. M., Brown, P. L., Lankford, D. M., &
Volkmann, M. J. (2009). Does teaching experience matter? Examining biology
teachers’ prior knowl- edge for teaching in an alternative certification program.
Journal of Research in Science Teaching, 46, 357-383.
Fulton, K. & Britton, T. (2011). STEM teachers in professional learning communities:
From good teachers to great teaching. National Commission on Teaching and
America’s Future. Retrieved from
http://nctaf.org/wpcontent/uploads/2012/01/NCTAFreportSTEM
TeachersinPLCsFromGoodTeacherstoGreatTeaching.pdf
Gecer, A. & Ozel, R. (2012). Elementary science and technology teachers’ views on
problems encountered in the instructional process. Educational Sciences: Theory
and Practice, 12(3), 2256–2261. Retrieved from
http://files.eric.ed.gov/fulltext/EJ987621.pdf
Glaser, B. G. (1965). The constant comparative method of qualitative analysis. Social
Problems. Chicago, IL: Aldine
Glaser, B. G. (1993). Examples of Grounded Theory: A Reader. Mill Valley, California:
Sociology Press.
Gredler, M. (2009). Learning and instruction: Theory into practice (6th ed.). Upper
Saddle River, NJ: Merrill Pearson.

118
Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher
education, New York: Teacher College Press.
Harris, S., Lowery-Moore, H. & Farrow, V. (2008). Extending transfer of learning theory
to transformative learning theory: A model for promoting teacher leadership.
Theory into Practice, 4(4), 318–326. doi:10.1080/00405840802329318
Haston, W., and Leon-Guerrero, A. (2008), “Sources of pedagogical content knowledge:
reports by preservice instrumental music teachers,” Journal of Music Teacher
Education, vol. 17, pp. 48–59, 2008.
Herriott, R. E., & Firestone, W. A. (1983). Multisite Qualitative Policy Research:
Optimizing Description and Generalizability. Educational Researcher, 12(2), 14–
19. doi: 10.3102/0013189x012002014
Herro, D., Quigley, C., & Cian, H. (2019). The Challenges of STEAM Instruction:
Lessons from the Field. Action in Teacher Education, 41(2), 172–190.
Hoachlander, G. & Yanofsky, D. (2011). Making STEM real. Educational Leadership,
68(6), 60–65. Retrieved from http://www.ascd.org/publications/educationalleadership/mar11/vol68/num06/abstract.aspx#Making_STEM_Real
Honey, M., Pearson, G., & Schweingruber, H. (2014). Stem Integration in K-12
education: Status, prospects and an agenda for research. Washington D.C.:
National Academies Press.
Horizon Research. 2013. Report of the National Survey of Science and Mathematics
Education. February 2013. Available at www.horizonresearch.com/2012nssme/wp-content/ uploads/2013/02/2012-NSSME-FullReport1.pdf (retrieved February 27, 2013).

119
Howell, J. P. & Costley, D. L. (2006). Understanding behaviors for effective leadership.
Upper Saddle River, NJ: Prentice Hall.
International Society for Technology in Education (ISTE) (2008). The standards for
learning, leading, and teaching in the digital age.
National Education Technology Standards (NETS). Retrieved from
http://www.iste.org/STANDARDS International Technology Education
Association (ITEA) (2007). Standards for technological
literacy: Content for the study of technology. Retrieved from
http://www.iteea.org/ TAA/PDFs/Execsum.pdf
Isabelle, A. D. (2017). STEM is elementary: Challenges faced by elementary teachers in
the era of the next generation science standards. The Educational Forum, 81(1),
83-91.
doi:http://dx.doi.org.jerome.stjohns.edu:81/10.1080/00131725.2016.1242678
Jorgenson, O., & Vanosdall, R. (2002). The death of science? What we risk in our rush
toward standardized testing and the three R’s. Phi Delta Kappan, 83(8), 601–605.
Kaufman, D. Moss, D. & Osborn, T. (2003). Beyond the boundaries: A transdisciplinary
approach to learning and teaching. Westport, CT: Praeger.
Kind, V. (2009), “Pedagogical content knowledge in science education: perspectives and
potential for progress,” Studies in Science Education, vol. 45, no. 2, pp. 169–204.
Laboy-Rush, D. (2011). Integrated STEM education through project-based learning.
Retrieved from
https://www.rondout.k12.ny.us/common/pages/DisplayFile.aspx?itemId=1646697
5

120
Lacey, T. A., & Wright, B. (2009). Occupational employment projections to 2018.
Monthly Labor Review, 132(11), 82–123.
Lansiquot, R. (Ed.). (2016). Interdisciplinary pedagogy for STEM: a collaborative case
study (1st ed.). New York: Palgrave Macmillan.
Lantz, H. (2009). Science, technology, engineering, and mathematics (STEM) education.
What form? What function? What is STEM education? Retrieved from
http://www.currtechintegrations.com/pdf/STEMEducationArticle.pdf
Ledbetter, M. (2012). Teacher preparation: Once key to unlocking the gate to STEM
literacy. CBE Life Sciences Education, 11(3), 216–220.
Library of Congress (2008, March). CRS report for Congress: Science, technology,
engineering, and mathematics (STEM) education: Background, federal policy,
and legislative action. Congressional Research Service. Washington, DC.
Retrieved from https://www.hsdl.org/?view&did=715973
Lortie, D. C. (1975), Schoolteacher: A Sociological Study, University of Chicago Press,
Chicago, Ill, USA.
Lottero-Perdue, P. S., & Parry, E. A. (2014, June). Perspectives on failure in the
classroom by elementary teachers new to teaching engineering. In paper
presented at the 121st ASEE Annual Conference and Exposition, Indianapolis,
IN. Paper ID# 9624.
Kelley, T. (2010). Staking the claim for the ‘T’ in STEM. Journal of Technology Studies,
36(1), 2–11. Retrieved from http://files.eric.ed.gov/fulltext/EJ906155.pdf
Marks, R. (1990). Pedagogical content knowledge: From a mathematical case to a
modified conception. Journal of Teacher Education, 41, 3-11.

121
McMillan, J. H. & Schumacher, S. (2001). Research in education: A conceptual
introduction (5th ed.). New York: Longman.
Merriam, S. B. (2002). Qualitative research in practice: Examples for discussion and
analysis. San Francisco, CA: Jossey-Bass.
Mills, G. E., & Gay, L. R. (2015). Educational research: competencies for analysis and
applications. Boston, MA: Pearsons.
Morrison, J. (2006). TIES: STEM education monograph series, attributes of STEM
education. Teaching Institute of Excellence in STEM. Retrieved from
http://www.psea.org/uploadedFiles/TeachingandLearning/Career_and_Technical_
Education/Attributes%20of%20STEM%20Education%20with%20Cover%202%2
0.pdf
Mason, M. (2010). Sample size and saturation in PhD studies using qualitative
interviews. Forum: Qualitative Social Research, 11(3), 3. Retrieved from
http://www.qualitative-research.net/index.php/fqs/article/view/1428/3028
McNamara, C. (2009). General guidelines for conducting interviews. Retrieved from
http://managementhelp.org/businessresearch/interviews.htm
Morrison, J. & Bartlett, R. V. (2009). STEM as a curriculum. Education Week, 28(23),
28–31. Retrieved from
http://www.edweek.org/ew/articles/2009/03/04/23bartlett.h28.html
Morrison, J. A., Raab, F. and Ingram, D. 2008. Factors influencing elementary and
secondary teachers' views on the nature of science. Journal of Research in
Science Teaching, 46: 384–403.

122
Nadelson, L. S., Callahan, J., Pyke, P., Hay, A., Dance, M., & Pfiester, J. (2013). Teacher
STEM perception and preparation: Inquiry-based STEM professional
development for elementary teachers. The Journal of Educational
Research, 106(2), 157.
Nadelson, L. S., Seifert, A., Moll, A. J. & Coats, B. (2012). i-STEM summer institute: An
integrated approach to teacher professional development in STEM. Journal of
STEM Education: Innovations and Research, 13(2), 69–83. Retrieved from
http://works.bepress.com/louis_nadelson/23
Nagdi, M. E., Leammukda, F., & Roehrig, G. (2018). Developing identities of STEM
teachers at emerging STEM schools. International Journal of STEM
Education, 5(1). doi: 10.1186/s40594-018-0136-1
National Commission on Teaching and America’s Future (2011). STEM teachers in
professional learning communities: a knowledge synthesis. Retrieved from
www.nctaf.org
National Research Council (2007). Rising above the gathering storm: energizing and
employing America for a brighter economic future. Washington, DC: The
National Academies Press, 2007. Retrieved from
http://rsicc.ornl.gov/scienceclub/Corp/Storm.pdf
National Research Council [NRC]. (2012b). Education for life and work: Developing
transferable knowledge and skills in the 21st century. Committee on Defining
Deeper Learning and 21st Century Skills. Available at
www.nap.edu/catalog.php?record_id=13398

123
National Research Council (2013). Next Generation Science Standards: For States, By
States. Washington, DC: The National Academies Press.
https://doi.org/10.17226/18290.
National Research Council 2014. STEM Integration in K-12 Education: Status,
Prospects, and an Agenda for Research. Washington, DC: The National
Academies Press. https://doi.org/10.17226/18612.
National Research Council. (2014a). Developing Assessments for the Next Generation
Science Standards. Committee on Developing Assessments for Science
Proficiency in K-12. J.W. Pelligrino, M.R. Wilson, J.A. Koenig, and A.S. Beatty
(Eds.). Board on Testing and Assessment and Board on Science Education.
Division of Behavioral and Social Sciences and Education. Washington, DC: The
National Academies Press.
National Research Council 2015. Guide to Implementing the Next Generation Science
Standards. Washington, DC: The National Academies Press.
https://doi.org/10.17226/18802.
National Science Board (2012). Science and engineering indicators, 2012. Arlington VA.
Retrieved from http://nsf.gov/statistics/seind12/
National Science Board (NSB). 2015. Revisiting the STEM Workforce, A Companion to
Science and Engineering Indicators 2014. NSB-2015-10. Arlington, VA:
National Science Foundation.
National Science Foundation (NSF), National Center for Science and Engineering
Statistics, National Survey of College Graduates (NSCG) (2015),
https://www.nsf.gov/statistics/srvygrads/.

124
National Science and Technology Council (2013). Federal STEM education 5-year
strategic plan: A report from the committee on STEM education national science
and technology council. Retrieved from
http://www.whitehouse.gov/sites/default/files/microsites/ostp/stem_stratplan_201
3.pdf
National Science Teachers Association (2010). National science education standards.
Retrieved from http://ngss.nsta.org/access-standards/
Pang, J., & Good, R. (2000). A review of the integration of science and mathematics:
Implications for further research. School Science and Mathematics, 100(2), 73–
82. doi:10.1111/j.1949-8594.2000.tb17239.x
Patton, M. (2002). Qualitative research and evaluation methods (3rd ed.). Thousand
Oaks, CA: Sage.
Paulson, P. (2012). Developing quality through improved attitudes toward science and
science teaching. Paper presented at the annual meeting of the American
Association of Colleges for Teacher Education Online. Retrieved from
http://citation.allacademic.com/meta/p_mla_apa_research_citation/0/3/5/8/0/page
s35803/p35803-1.php
Paulson, P. C. (2005). Modification of attitudes of elementary preservice teachers toward
science and science teaching within the elementary science methods class.
ProQuest Dissertations and Theses, , 179. Retrieved from
http://search.proquest.com/docview/305360078?accountid=458. (305360078).

125
Portz, S. (2015). The challenges of STEM education. Proceedings of the 2015 (43RD)
Space Congress: A Showcase of Space, Aviation, Technology, Logistics and
Manufacturing. Paper 3, 1–9. Daytona Beach, FL: Embry-Riddle Aeronautical
University-Digital Commons. Retrieved from http://commons.erau.edu/spacecongress-proceedings /proceedings-2015-43rd/
Quigley, C., & Herro, D. (2016). Finding the joy in the unknown: Implementation of
STEAM teaching practices in middle school science and math
classrooms. Journal of Science Education and Technology (JOST), 25(3), 410–
426. doi:10.1007/s10946-016-9602
Ramaley, J. (2008). Facilitating change: Experiences with the reform of STEM
education. Retrieved from http://www.wmich.edu/science/ facilitatingchange/Products/RamaleyPresentation.pdf
Roth, W. & Eijck, M. (2010). Fullness of life as minimal unit: Science, technology,
engineering, and mathematics (STEM) learning across the life span. Science
Education, 94(6), 1027–1048.
Rovegno, I. (2008). Learning and instruction in social, cultural environments: Promising
research agendas. Quest, 60(1), 84-104.
Ruggirello, R. & Balcerzak, P. (2013). Enacting STEM in teacher development: toward a
coherent model of teacher preparation. Teacher Education & Practice, 26(4),
688–705.

126
Sanders, M. E. (2012). Integrative STEM education as best practice. In H. Middleton
(Ed.). Explorations of best practice in technology, design, & engineering
education. 2(pp. 102-117). Gold Coast, Australia: Griffith Institute for
Educational Research.
Saunders, B., Sim, J., Kingstone, T., Baker, S., Waterfield, J., Bartlam, B., Burroughs, H.,
& Jinks, C. (2018). Saturation in qualitative research: exploring its
conceptualization and operationalization. Quality & quantity, 52(4), 1893–1907.
Scott, C. (2012). An investigation of science, technology, engineering, and math (STEM)
focused high schools in the US. Journal of STEM education: Innovations and
Research, 13(5), 30-39).
Shank, G. D. (2006). Qualitative research: A personal skills approach (2nd ed.). Upper
Saddle River, NJ: Pearson Merrill Prentice Hall.
Shaughnessy, M. (2012, February). STEM: An advocacy position, not a content area.
Summing up, Retrieved from http://www.nctm.org/about/content.aspx?id=32136
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14.
Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform.
Harvard Educational Review, 57, 1-22.
Singer, S. (2011). STEM education: Time for integration. Peer Review, 13(3), 4-7.
Southerland, S. A., Johnston, A. & Sowell, S. (2006). Describing teachers’ conceptual
ecologies for the nature of science. Science Education, 90(5), 874–906.
Sowell, S., Southerland, S.A. & Granger, E. (2006). Exploring the construct of teacher
pedagogical discontentment: A tool to understand teachers’ openness to reform.

127
Retrieved from
http://mailer.fsu.edu/~ssouther/download/SowellSoutherGranger.pdf
Stake, R. E. (2010). The art of case study research. Thousand Oaks, CA: Sage.
Stansbury, M. (2011). Panel: STEM education crisis stems from unsupported teachers.
eSchool News. Retrieved from http://www.eschoolnews.com/2011/09/14/panelstem-education-crisis-stems-from-unsupported-teachers/
Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for teaching
integrated STEM education. Journal of Pre-College Engineering Education
Research (J- PEER), 2(1), 28–34. doi:10.5703/1288284314653
Strauss, A., & Corbin, J. (1998). Basics of Qualitative Research (2nd ed.). Thousand
Oaks, CA: Sage Publications, Inc.
Triangle Coalition for Science and Technology Education (2012, July). Collaborating for
better STEM education. Retrieved from
http://www.trianglecoalition.org/bulletin/july-16-2012
Tsai, C. C. 2006. Reinterpreting and reconstructing science: Teachers' view changes
toward the nature of science by courses of science education. Teaching and
Teacher Education, 22: 363–375.
Tsupros, N., Kohler, R. & Hallinen, J. (2009). STEM education: A project to identify the
missing components, Intermediate Unit 1 and Carnegie Mellon, Pennsylvania.
Retrieved from http://www.cmu.edu/gelfand/documents/stem-survey-report-cmuiu1.pdf

128
U.S. Department of Education (DOE) (2013). Science, technology, engineering and
math: Education for global leadership. Retrieved from
http://www.ed.gov/sites/default/files/stem-overview.pdf
U.S.Department of Defense Education Activity (2012). STEM on the move in DDESS.
DDESS STEM Connections, 3(1). Retrieved from
http://www.am.dodea.edu/campbell/jackson/documents/STEMBulletin3_final.pdf
U.S. Department of Education, National Center for Educational Statistics (2013). The
nation’s report card, a first look: 2013 mathematics and reading. Retrieved from
http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2014451
van Dijk. E., & Kattmann, U. (2007). A research model for the study of science teachers'
PCK and improving teacher education. Teaching and Teacher Education, 23(6),
885-897.
van Manen, M. (1994). Pedagogy, virtue, and narrative identity in teaching. Curriculum
Inquiry, 24(2), 135-172.
Vann, C. B. (2013). Pioneering a new path for STEM education. Industrial Engineer: IE,
45(5), 30.
Wagner T. (2012). Creative innovators. The making of young people who will change the
world. New York: Scribner.
Wang, H. (2012). A new era of science education: Science teachers’ perceptions and
classroom practices of science, technology, engineering, and mathematics
(STEM) integration.
Wang, H. H., Moore, T., Roehrig, G. & Park, M. S. (2011). STEM integration: Teacher

129
perception and practice. The Journal of Pre-College Engineering Education
Research, 1(2), 1–13.
Watt, H., Richardson, P. W. & Pietsch, J. (2007). Choosing to teach in the “STEM”
disciplines: Characteristics and motivations of science, ICT, and mathematics
teachers. Mathematics: Essential Research, Essential Practice, 2. Retrieved from
http://www:merga.net.au/documents/RP752007.pdf
Weiner, B. (2010). The development of an attribution-based theory of motivation: A
history of ideas. Educational Psychologist, 45(1), 28–36.
White, D. W. (2013, February). Urban STEM education: A unique summer
program. Technology and Engineering Teacher, 72(5), 8–13. Retrieved from
http://www.iteaconnect.org/Publications/TTT/feb13.pdf
Williams, J. (2011). STEM education: Proceed with caution. Design and Technology
Education: an International Journal, 16(1), 26–35.
Wynn, T. & Harris, J. (2012, September). Toward a STEM + arts curriculum: Creating
the teacher team. Art Education, 65(5), 42–47. Retrieved from
http://www.artsintegrationams.com/references.html
Yakman, G. (2010). What is the point of STE@ M? –A brief overview. Steam: A
framework for teaching across the disciplines. STEAM Education, 7, 1–28.
Yin, R. K. (2009). Case study research: Design and methods. Thousand Oaks, CA: Sage.
Yin, R. K. (2003). Case study research: Design and methods. Thousand Oaks, CA: Sage.
Zubrowski, B. (2002). Integrating science into design technology projects: Using a
standard model in the design process. Journal of Technology Education, 13(2),
48–67. doi:10.21061/jte.v13i2.a.4

130
Zuniga, R. (2010). Computer technology integration into the public school classroom: A
qualitative update. Academic Leadership Journal 8(2), 1–17.

131
VITA

Name

Jonathan DellaSperanza-Zaratin

Baccalaureate Degree

Bachelor of Arts, St. Joseph’s College
Patchogue, New York
Major: Child Study
December, 2010

Other Degrees and Certificates*

Master of Science, St. John’s University
Jamaica, New York
Major: Literacy
May, 2014
Advanced Certificate, St John’s University
Jamaica, New York
Major: TESOL
May, 2015
Advanced Certificate, St John’s University
Jamaica, New York
Major: SBL/SDL
December, 2017

